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THE APPLICATION OF A NUMERICAL INTEGRATION PROCEDURE DEVELOPED
BY ERWIN FEHLBERG TO THE RESTRICTED PROBLEM OF THREE BODIES

I. ,The Numerical Method
In a rotating coordinate system, the equations of motion of a space

vehicle in the Earth-Moon system arel:

. . . X+u x-p’
¥=f%xy,y) =x+2y -p'. ——F——=,, -1 .
2 2 2 2 2 2
(o) 2452 P! () 2P
. y . y b
¥ = elx,y,x) =y -2x-u. T3 o5.%/p " M- 5 5.3 /o (1)
(o) 24521 ()PP P!
where p' = l-p with p representing the relative mass of the Moon.
Introducing into (1) the following four auxiliary functions:
2 2 2 2 2 2
" o= (x)S+y" , 8T = (x-n") 4y,
w o=, v o=fe (2)
system (1) becomes
%= x+ 2y - ulxtp) - v(x-p')
§=y-2x-uy-vy ,
ra o+ 3ur =0
5V + 5vé =0 (3)

lArenstorf, R. F., American Journal of Mathematics, ILXXXV, 27 (1963).




Substituting the following power series expansions, in terms of hj E

(t - tj) about the point tj , into (3)

x = X..(hj)i . y=Y ¥ .(hj>i ,

r=.2 R .(hj)i , s=2 8§ .(hj)i s (%)

and equating the coefficients of like terms, the following recurrence formulas

for the power series coefficients in (4) result:

R=ZXX.+2pX+ZYY.-ZRR }/ER,
n 1 -1 1 n-1 i n-i
i=0 i=0 i=1
n n-1
S = Zxx.-zu'X+ZY.Y.-Zss.}/2s ,
n i n . i n-1 in-i 0
i=0 i=0 i=1
n-1
u_ = { -3 ‘Z RU .- T 1UiRn_i}/nRo ,
i=1 i=1
n
Vn={'3.z lsiVn-i'. }/nS ’
i=1 i=1
n-1
- - t - -
S {xn_l +eny -y ' VO :Eo (U,-v)X i}/n(n+l) ,
Y .1 { Y o -2nX - ZO (U,-v) Y }/n(n+l) , (5)



where n = 1,2,3 ... . For n = 1, the last sum of the first four eguations
in (5) must be omitted.
th |
At the start of the J integration step, the initial values for the

step determine the initial coefficients as follows:

1 J 1 J
- 2 2,1/2 . 2 2.1/2
R, = [(xj+u) + Yy ] ;5 [(xj-u') Y ] ,
Uy = w/RS Vo =l (6)

After computing, through formulas (5), a sufficiently large number (m) of con-
secutive derivatives of x and y with respect to t, in the form of the
coefficients Xn and Yn, we then apply the Runge-Kutta procedure, described

in E. Fehlberg's paperg, to obtain (m+h4)-th-order accuracy.

Introducing new variables Xpr Yoo kT’ and &T by the following trans-

formations
5 1 il :
=x - . ()", y.=7 - Y. (n,)" ,
T e T =1 + 9
L. 2 i-1 .. W2 i-1
XT =X - igl lXi (hJ) b yT =7y - i§]_ 1Yi (hj) ’ (7)

the original differential equations (1) are transformed accordingly:

EFehlberg, E., Runge-Kutta Type Formulas of High-Order Accuraty and Their
Application to the Numerical Integration of the Restricted Problem of Three
Bodies. Presented at the "Collogue International des Technigues de Calcul
Analogique et Numerique en Aeronautique" in Liege, Belgium, September, 1963,
and to be published in the Proceedings of this Symposium.



m-2

g = Sty = fowd) - sl X, (n)"%
) m+2 i-2
.3.’T = gT(t’XT’yT’XT) = g(x:Y)X> - .22 i(i-1) Yi (hJ) (8)
l=

The initial values of the transformed variables for starting an orbit

are
(xp)g = % » (yplg = ¥ >
(xp)g= 0 5 (3p)g = 0 . (9)

For equations (8) the following Runge-Kutta formulas develop (m+k)-th-
order accuracy for x,y,i, and & with only three substitutions per time step,

N, = (6, [-t,
J (J+1 J)

=
i

=
[}

N Atng(tjmlAtj , (xT)(j ) (yT)j , 0)

b
|
+

= A‘cjfr_,_q(‘C SRt (xp) 5+ Bokyat, » (o) 5+ Bobilt s B14;)

1S
(]

Atng(tjmgAtj s Boky At (yT). + Byl Ot 5 Bk l)

—~
=)
~—
Ca
+

+

By = ot (bt (x)

7OklAtj + SokgAtj B (yT)J

+ 7OZlAtj + 5Oz2At » Yyhy + B4 )



85 = Amng(tj+0%A¢j , (xT)j + 7OklA¢j + aokgamj s (yT)j

+ 7021Atj + SoﬂgAtj > 7R+ 62k2) (10)
and
(xT) 341 = (XT),j + (Clkl+02k2+05k3) ot 5
(yip) 341 = (yg) 5 + (C 2 +Co24C,0,) O,
(5<T) 541 " C]'_kl+Cék2+C%1%
(33) 541 = C181+CH1,+CIL, (11)
where

_ _ mt2 _
G =10 =0% 1,
- _ 2 w2 T _ 1 m2)| T
Bo = 2 » By = — - [— )
(m+k) m+l m+l m+h
1
- - 1 _ _ 2 mel ) ™
70 - O bl 71 - - E‘—E_ bl SO - O s 61 = m . <m> R
Cc =0 C = 1 . HH.L‘- e C = 0
1 72 (m2) (m+3) m+2 ’ V3
m+1l
' = ! = -]Z m+)+ <m_+ll'.) ! = l __.l
Cl 0, C2 2 (mo)(m3)  ° \m2 » © 2 " m3 (12)



A fourth substitution yields improved values, )'ZT and ?T’ which are more

accurate by one power of Atj

ku=A‘tf

(y'T)j

(t Q) A¢ (xT) + €k Ax + £k A¢ + nok54¢ ,

+ eoz14¢j + cozzaxj + noﬂ3A¢ > €98 + G0, + ”195)

2), = ijgT(tj+omA¢j , (xT)j + eoklpmj + gokgamj + nok3A¢j ,

(¥ep)

and

P
>
)
C .
+
H
1}

where

3 + eollAtj + COEZAtj + qOE At , €

= (xT)j+(Clkl+Cek +C

3 lkl + gle + 7111%) (15)

5k3+Chku) Amj

= (yT)j+(clz +c £, +C y4 +Cuﬂu) ij (1k)

)

m2
m5
0, e =3 () @ﬁ)“l
271 2 T \m5) T \m5
_ 1 5m16 mil) L
S0 b T (ws
(m+5)
3 1 <m+2) m+1
2 (m+5)2 m+5




A _ A ~ A _ 1 1
¢ ® 00, G =0, C3 T3 (m+3) (m+ 1)
~ m+1
=2 m 5 m5
=% e - (53) (15)

The approximate value of the truncation error in both variables is given

by

()

X

Y

J+1

Q

()

o 51 |(yT)

J+l

| Gog) 312 (Bp) 4,0

SEANN (16)

Since the evaluation of fj and g;, necessary in equations (10) and

T

(13), can be accomplished only through the relationships given in (8), the

following inverse transformations must be

(XT)j+l + .Z

J+1 i=1

g1 O gt .t

m+2

(iT)j+1 +

J+1

m+2

., +
J+1 i=1

+

Fop = ()

™

J+1

thus allowing values of (f)j+l and (g)j+l

Equations (8) now yield values of (fT)j+l

executed:
X, (A¢j)i
Y, (A¢j)i
iX, (Amj)i'l

iy, (A,tj)i'l (17)

to be obtained through equations (1).

and (gT)j+l'



IT. The Computer Program

a) General
A Burroughs B-5000 Algol program was devised to implement the

above integration procedure. (See flow diagram, figure 1, and PROGRAM LISTING)

Modular construction was emphasized in the design of the program to
facilitate numerical investigation of the method.

Vinen a set of initial conditions, there are three independent options
under which the program may be executed.

One option produces values of x,y;i,&,t, the step size, the Jacobi
constant, the distance to the Earth, and the distance to the Moon at each
time step for a full period (see EXAMPLE ORBIT). A period is determined to

be complete when |y1 < €, after a given time equal to 90% of the approximate

1
time for one period. The value of € and the approximate time for one period
are input parameters, and a step-size-halving process is repeated until- the
specified condition is satisfied.

Another option is included to force an iterative procedure for improving
a given set of initial conditions until an orbit is produced which is periodic
within a prescribed error tolerance. The technique employed consists of
interpolating on successive half-orbit values of x and y to produce corrected
initial values of &. The process terminates when at half-period, |i‘ < €se
The value of € is an input parameter and the half-period point is determined
in a manner similar to that described for determining the full period point.
The user may elect to print each successive set of improved initial conditions,
(see IMPROVED INITIAL CONDITIONS), and values for the final orbit are printed
automatically as in the previously described opﬁion.

Under_a third optioﬁ, an output magnetic tape is prepared with a content

and format acceptable to the SC 4020 plotter. In this manner the coordinates

8



of every computed point describing an orbit may be plotted as well as
printed. (See figure 2).

Automatic step size control to regulate the truncation error is an
inherent part of the program. Values for a particular time step are

accepted if, and only if, neither of the following conditions exist:

T T

X 'y
> 1 > 1
e[ x| S
where Tx and Ty are measures of the truncation error as described in Section I,
equations (16), and € is an input parameter. If either condition occurs, the
step size is halved and the values are recomputed.

Doubling of the step size for the next time sfep will occur if, and only

if, both the following conditions are satisfied for the current time step:

T, 1 m 5 Ty /9y MHD
e|x| < <§> ’ e|y| < KZ

where m has the same meaning described in Section I, page 3.

b) Hardware Requirements

The program may be executed on a minimum Burroughs B-5000 system.
A card reader and line printer are required under all options and a tape unit
is needed if the plotting option is specified.

c) Input Data

Input data for one complete orbit is supplied to the program in sets,

hereafter referred to as data-sets, and there is no limit to the number of

data-sets that can be queued in the card reader for processing.



A data set consists of either 9 or 11 cards, depending on the choice

of the plotting option, and must follow the program cards.

Data Card 1 contains
the mass
a number

follows:

Data Card 2 contains

a value for u, the ratio of the mass of the Moon to
of the Earth. It appears in columns 1 through 18 as

in scientific notation, 11 significant digits, as

T 0 . FEREREHHNHK (W * EE

values which are used to stop computation on ill-

behaved orbits. The values as they appear from left to

right on the card are as follows:

r
max

r .
min

S .
min

max

the maximum allowable distance between the orbiting
body and the Earth, columns 1 through 15, in
scientific notation, 8 significant digits.

the minimum allowable distance between the orbiting
body and the Earth, columns 16 through 30, in
scientific notation, 8 significant digits.

the maximum allowable distance between the orbiting
body and the Moon, columns 31 through 45, in
scientific notation, 8 significant digits.

the minimum allowable distance between the orbiting
body and the Moon, columns 46 through 60, in
scientific notation, 8 significant digits.

the maximum allowable time for one orbit, columns 61
through 75, in scientific notation, 8 significant

digits.

10



Data Card 3

Data Card b4

Data Card 5

Data Card 6

contains a value of t

start ’ the starting time for an orbit,

columns 1 through 15, in scientific notation, 8 significant
digits.

contains values of the error tolerances allowable. The values
to B significant digits as they appear from left to right are

as follows:

€ - the truncation error tolerance for halving the interval

size in the test,

Ty

e.lxl > 1,

columns 1 through 15, in scientific notation.

€ - the error tolerance involved in the test, |yl < € »

l.—-l

during the iterative procedure for producing periodic
orbits, columns 16 through 30, in scientific notation.

€ - the error tolerance involved in the test, |k| < &

n

during the iterative procedure for producing periodic
orbits, columns 31 through 45, in scientific notation.

contains a value for h the initial time step interval,

start ’
columns 1 through 15, in scientific notation, 8 significant
digits.
contains a value of m, the number of terms of the power series

expansion to be considered. It appears in columns 1 through 3

in integral notation as follows:

b**

11




Data Card 7 contalns values of p, the period of the orbit; 4., the

l}

direction of crossing at half period; and 4., the direction

59
of crossing at full period. dl and d2 equal +1 if the crossing
is from plus to minus, and -1 otherwise. A value of d1

must be supplied but is relevant only under the iterative
procedure option. The values appear on the card as follows:

P - columns 1 through 15, in scientific notation, 8

significant digits

a, - columns 16, 17, an integer (+1 or -1)

4, - columns 18, 19, an integer (+1 or -1)
Data Card 8 contains the initial values of the variables X, Yo 5:0, jro .
The values appear on the card as follows:
X - in columns 1 through 18, in scientific notation,
- 11 significant digits
vy - in columns 19 through 36, in scientific notation,
11 significant digits
X - in columns 37 through 54, in scientific notation,
11 significant digits
&6 - in columns 55'through 72, in scientific notation,
- 11 significant digits
Data Card 9 is used to choose the program options as follows:

If the iteration option is desired, columns 1 through 5 contain

bTRUE otherwise FAISE.



If printing of each corrected set of initial values produced
during the iteration is desired, columns 6 through 10 contain bTRUE
otherwise FAISE. If the iterative option is "false" a value for
the print iteration option must be supplied but is irrelevant.

If the plot option is desired, columns 11 through 15 must

contain bTRUE otherwise FAISE.

Data Card 10 1is required only under the plot option. It contains a value

of the current date in columns 1 through 6 as follows:
columns 1 and 2, month, **
columns 3 and 4, day, **

columns 5 and 6, year **

Data Card 11 1is required only under the plot option and contains in

columns 1 through 48 any desired identification information

to be associated with the plot of the orbit.

d) Operating Instructions

There are no special operating instructions. Choice of the plotting
option requires the presence of an unlabeled scratch tape on some available

unit.

13
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PROGRAM LISTING

The following is a listing of the program deck, including control cards,
and the data cards which produced the included example.

Input values for the example are:

1

p = 0.12128562765 x 10~ m= 8
_ 1 _ 1
Ty T 0.% x 10 p=0.628 x 10
_ -1 o=
r i = 0.16574301 x 10 dq = -1
— 1 =
S ax 0.3 x 10 d2 +1
_ -2 _ 1
S.in 0.45212967 x 10 %y 0.12 x 10
= 1 =
tmax 0.7 x 10 Y o)
ty =0 Xy =0
_ -6 ; 1
e =0.1x 10 Yo = - 0.104k9 x 10
el = 0.1 x 10-8 iter = true
€, = 0.1x 10'8 pritr = true
hO = 0.125 plt = true

15



930
LAREL 0000000000XXXXXX0010000001
BEGIN
COMMENT FOLLOWING IS THE SQUEEZED VERSION OF THE SC 4020 PLOTY PROGEDURE}
INTEGER WRITE4Z02n0SWITCHS INTEGER GRAPHCTPERPAGE»TOMJIMJOEJOHN, XYZWPAGECSC
T3 INTEGER ARRAY THISISIDENTQIOt500), DRATTYA[N:63]5 ALPHA ARRAY THISISJSE
DRIDI11161»B2221IDARRAYL138]3 FILE OUT FT4020 9(25500)3 PRDCEDURE SETSCALSC
EC(X>Y,TESTLOC)S VALUE TESTLNCS COMMENT IF TESTLOC=0 THEN SET NEW X AND YSE
VALUFS ELSE RETRTEVE SCALE VALUES) INTEGER X»Y»TESTLOCS BEGIN OWN INTEGSC
ER SAVEX,SAVEYS LAREL OUDS IF TESTLOC=0 THEN BEGIN SAVEX ¢ X3 SAVEY & YISC
GN TN QUD END ELSE BFGIN X € SAVEX} Y e SAVEY END) OUD3Y ENDJ dEAL PROCESC
DURE xMDDV(A)3 REAL A3 BEGIN XMODV « [ NCA) ENDJ REAL PROCEDURE YMODV(A)3SC
REAL A} BEGIN YMODV ¢ LNCA) ENDJ PROCEDURE XSCALVC(XL»XRsMLsMR>TEST»IM,NSC
UD>ERRORIS VALUE XLs»XRsML,MR»TEST,»IM} INTEGER ML,MR,TEST,DUD,ERROR3 REALSC
XLpXR>IM3 BEGIN INTEGFR LO,HI>CELL,XSCALE»>YSCALE} REAL ACC} DWN REAL A,SC
B3 OWN INTEGER LOwsHIGH} LABEL LAB1,LAB2,NXV,ERR,END1} SETSCALE(XSCALE,YSC
SCALE»1)3 IF TEST#0 THEN GO TO NXV} COMMENT IF TEST#0 THEN THE PURPDSE 1SC
S TO SCALE A VALUE AND RETURN IT IN SCALED FORM IN RASTER COUNTSS LOW ¢ SC
LO ¢ ML; HIGH ¢ HY € (1023=MR)}J IF XSCALE#0 THEN BEGIN XL ¢ XMODV(XL)$ XSC
R « XMODV(XR) END3 A ¢ XR = XL} A e (HIGH = LOW)/A3 LAB13 B ¢ LOW = AxXLSC
3 ACC ¢ SIGN(XLXA)IXENTIER(CARS(XLxA)+0.,5)} ACC ¢ SIGNCACC+BIXENTIER(ABSCASC
CC+B)+0,5)3 ACC ¢ SIGNCACC-{OWIXENTIERCABS(ACC=LOW)+0.5)3 LOW ¢ LOW = ACSC
C3} ACC ¢ SIGN(XRxA)XENTIER(ABS(XRxA)+0,5)3 ACC ¢ SIGN(ACC+B)IXFNTIER(ABS(SC
ACC+8)+0.5)7 ACC ¢ SIGNCACC-HIGH)IXENTIERCARSC(ACC~HIGH)I+0+5)) HIGH ¢ HIGHSC
= ACC3 A ¢ XR = x|} A «(HIGH = LOW)/A} LAB21 B ¢ LOW = AxXLS LOW ¢ LO =SC
17 HIGH ¢« HI + 13 GO TO END13 NXVt ERROR ¢ 03 IF XSCALE#0 THEN IM & XMOSC
DV(IM)S ACC ¢ SIGNCIMXAIXENTIERCARS(IMXA)I+0,5)3 ACC ¢ SIGNCACC+BIXENTIERSC
(ARS(ACC+R)+0.5)3 TF (ACC < LOWIORCACC 2 HIGH) THEN GO TO ERR3 OUD ¢ ACCSE
3 60 TO END13 ERR: ERROR ¢ 13 NUD ¢ 03 END1t END3 PROCEDURE YSCALV(YB,YTSE
sMBR,MT,TEST»IMsDUNLERRNRYS VALUE YRs»YTH»MB»MT,TEST,IM} INTEGER MBsMT,TESTSC
»OUD,»ERROR} REAL YR»YT,IM3 REGIN INTEGERlLUDHI9CELL:XSCALEDYSCALE’ REAL S€
ACC3 OWN REAL A»B3 OWN INTEGER LOW,HIGH} LABEL LAR1,LAB2,NYV,ERR,END1} SSC

ETSCALE (XSCALE, YSCALE,1)3 IF TEST #0 THEN GO TO NYV} LOW ¢ {0 ¢ MB} HISC

GH ¢ HI ¢ (1023 =MT)3 IF YSCALE # 0 THEN BEGIN YB ¢ YMODV(YB)S YT¢YMODV(SE

16
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YT) ENDJ A¢YT=YB3 A ¢ (HIGH = LOW)/A3 LAB1? B ¢ LOW = AxYBJ ACC ¢ SIGNCYSC

BXAIXENTIERCABSC(YRXA)+0+5)3 ACC ¢ SIGNCACC+R)IXENTIERCABSC(ACC+R)I+0.5)3 ACSC
€ ¢ SIGN(ACC=LOWIXENTIERCABSCACC=LOW)+0,5)) LDW ¢« LDW = ACC3 ACC ¢ SIGN(SC
YTxAIXENTIERCABS(YTxA)+0.5)3 ACC ¢ SIGNCACC+B)xXENTIERCABSCACC+B)+0,5)3 ASC
CC ¢ SIGNCACC=HIGHIXENTIERCABSCACC=HIGH)+0.5)3 HIGH ¢ HIGH = ACC3 A ¢ YTSC
*YR} A ¢(HIGH=LOW)/A3 LAB2t B ¢ LOW = AxYB} LUW ¢ L0~ 1JHIGH ¢ HI+ 13G0 SC
TO END13 NYV! ERROR ¢ 03 IF YSCALE#0 THEN IM ¢ YMODVC(IM)3 ACC ¢ SIGNCIMxSC
AIXENTIERCABS(IMxA)+0,5)3 ACC ¢ SIGNCACC+BIXENTIER(ABSCACC+R)+0,%533) IF (SC
ACCSLOW)DRCACC2HIGH) THEN 60 TO ERRS OUD e ACC3 GO TO END13 ERR: ERROR eSC

13 OUD ¢0; END1: END3 PROCEDURE OXDYVCIND» XLsXUsDX»NsI,NXsDCoKERR,MTB,MSC
TTYY3 VALUE INDsXL,XUsMTB,MTT, DC3} INTEGER INDsN,IsNX,KERR,MTB,MTT3 REAL SC
XL»XUsDXsDC3 REGIN LABEL V21V3lVA!VSDV6;V7!V8'V9)V10)V12}V!3)V151V16)Vl75c
rV1B, V19-V?O-V21’V22,V23’V24nV25’V27»V30nV32»V33»V35»V36n V3i7,V383 SWITSC

CH SW1 ¢ V24,V19,V21,V215V22,V235V23,V23,V23,V245V23} INTEGER MTL2MTR,KKSC
sNOIGTsLL,NLAB> ITIMS,NLINES,LABLES REAL ALINES»ADX,POWR,DIGIT,XMAX,RT,COSC

UNTS,DELMRG»XDIF» XT3 MTL ¢ 243 MTR ¢ 03 DELMRG ¢ 31023 = MTL = MTR =603 ISC
F CIND=1)<0O THEN GO TO V6 ELSE IF (IND=1)=0 THEN GO TO V33 V2: DELMRG ¢ SC
1023=MTB=MTT=603 V33 KERRe«O} ITIMS ¢ 10} V4: XDIF « ABS(XU=XL)} IF XDIF<SC
0 THEN GO TO V63 VS3 NLINES ¢ DELMRG/DCJ) IF NLINES>0 THEN GO TO V73 V6t SC
KERRe¢1} GD TD V363 V71 ALINES e NLINESS vB3: ADX ¢ XDIF/ALINESS V9% [IF (AsSC
DX=N,999999)<0 THEN GO TO V{3} V10t FOR KK ¢ 1 STEP 1 UNTIL 20 00 IF (ADSC
X*10)<H THEN GO T0O v16 ELSE ADX ¢ ADX/103 V12t GO TO V63 V131 FOR KK ¢1 SC
STEP 1 UNTIL 20 DD IF CADX=N,99999999)>0 THEN GO TO V15 ELSE ADX ¢ AQDXx1S€
03 GO TO V63 Vi53 KK ¢ =(KK=2)} Vihst POWR ¢ {0+(KK=1)3 NDIGT ¢ ADX + 0,95C
3 1F NDIGT<O THEN GO TO V6 ELSE IF NDIGT=0 THEN GO TO Vi7 ELSE GO TO Vi18SC
3 ViTt NDIGTY ¢ 13 v18s DIGIT « NDIGTS DX ¢ DIGITXPOWR} N ¢ 53 I ¢ 103 GhSC
TO SWIINDIGT)S V19: DX ¢ PNWR x 2) V20: I ¢ 53 GO TO v243 v21s DX ¢ POWSC
R x 53 V22t N ¢ T ¢ 43 GO TO V243 V23s DX « POWR x 103 V241 IF ABS(XU)< SC
ABS(XL) THEN XMAX ¢ ARS(XL) ELSE XMAX ¢ ABS(XU)3 V251 XI ¢ I} RT ¢ DX x SC
X13 FOR LL « 1 STEP 1 UNTIL 7 DO BEGIN NX ¢ LL} IF (RT7=0,9999999)20 THENSC
GO TO V27 ELSE RT ¢ RTx10 ENDS V278 IF (XMAX = 1)¢0 THEN GO TD v32 ELSESC
IF (NX=1)=0 THEN GO TO V30 ELSE NX ¢ NX+13 v308 FOR LL ¢ NX STEP 1 UNTISC

L 7 D0 BEGIN NX eLL3 TF (xMaX=10)<0 THEN GO TO V32 ELSE XMAX ¢ XMAX/10 ESC

ND3J V321 NLAB ¢ (NX+2)x10+453 COUNTS ¢ (DELMRGXDX)/(XDIF)} IF (COUNTS=DC~SC

17

31
k¥
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

63

64



1)S0 THEN GO TO V3S) V33t LABLF ¢ COUNTS x XIJ IF (NLAB=LABLE)SO THEN GOSC

TO V36 ELSE T e T+13 IF (I=16)<0 THEN GO TO V243 V353 ALINES ¢ 0.90xALISC
NESH TTIMS ¢ ITIMS=13 IF CITIMS)SO THEN GO TO V& ELSE GO TO VB) v36t RT SC
¢ XDIF/(OXx 133 IF (RT=2)<0 THEN G0 TO V37 ELSE GO TD V383 V37Tt I ¢ N3 NSC
X e N¥+23 V3Rs END3 PROCENURE PLOTP(CONT1,AREG)S VALUE CONT1,AREGS INTEGSC
ER CONT1»AREG) COMMENT.oee+ASSUME PRESEY OF INTEGER Z ¢ 1, USES | BUFFERSC
OF 132 WORDS CONTY{ = 0 = PLOTP CONTY = 1 = PCLEANS BEGIN IN}EGER JsKsCTSC
1,CT2,CT33 LAREL PCLEAN,>GOW,EXITS DEFINE Z=TOMJIMJDEJOHNZ,QO=THISISTIDENTOSC
%3 STREAM PROCEDURE ENITATAPE(Q,CT2,CT3)3 VALUE CT2,CT33 BEGIN SI t= Q3 SC
ST = SI +« 103 DI t= Q3 CT2¢4(NS 8= 6 CHR} SI 8= SI + 2))3 CT3¢a(DS 1= ASC

CHR3 SI t= SI + 2)) END} IF ChNTl = 1 THEN G0 TO PCLEAN ELSE QkZ] ¢ ARESC

G} IF Z # SO0 THEN GO TO EXIT ELSE GO TN GOW3 PCLEANS IF Z # 500 THEN BESC

GIN J t= 7 MOD 43 FOR K 8= 1 STEP 1 UNTIL (4=J) DD BEGIN Q[Z) t= 03 Q[Z]1SC
o[1218) t= 105 Z 1= Z + 1 END3 ENDJI Q[Z] t= AREGS GOW! CTYy t= 2/43 CT3 1SC
= T2 1= 05 IF CT1 2 63 THEN REGIN CT2 t= 633 CT3 t= CT1 = 63 END ELSE C€SC

T3 3= CT13 EDITATAPE(Q»CT2+CT3)} WRITE(FTA020,(Zx3)/4,8[*])3 Z 1= 0 EXISC

Tt 7 ¢« Z « 1 ENDJ INTEGER PROCEDURE BSCODE(N)? VALUE NJ INTEGER N} BEGINSC

RSCONEs= DRATTYATN] ENDJ PROCEDURE APLOTVCN,XsYsIX»TYsNCoCHARSTERR)S VASC
LUF N» IXs IY» NC3 INTEGER ARRAY CHAR[1)3 REAL ARRAY X[1)»Y{1)3 INTEGER SC
N» IXs 1Y, NC» IERR} REGIN INTEGER I»JsK»PsXERR,YERR,»Q,R} LABEL APV1,APVSC
22A8PV3E N e ARS(N)3 IX ¢ ABS(IX)3 1Y ¢ ABS(IVY)3 K ¢ J ¢ {3 JERR ¢ 03 IF SC
N = 0 THEN GO TO APV1} COMMENT LOOP BEGINS HERESZ FOR I #t= { STEP IX UNTISC
L NxIx DO BEGIN Pe03 XSCALV(050505,0,1,XLI1s0 »XERRIJIP.[201101t2Q} YSCALVSC
(0,05N5,0,15Y0J),R ,YERR)S P,[38310] ¢ 1023 = R } IF (XERR = {)0RCYERR = SC
1) THEN GO YO APV2} P.[3016) ¢« BSCODECCHARCK])S PLOTP(O0,P)3 IF K=NC THENSC

K ¢« 1 ELSE K ¢« K + 13 GO TO APV3} APV?f IERR ¢ IERR ¢ 1) APV3t J e J+1YSC
3 END3 APV1! ENDJ PROCEDURE SIGOV(N,DBCD,NDX)3 VALUE D3 REAL D3 INTEGER SC
DBCDsNDX3 COMMENT,,,4.51G6V WILL PICK 6 MOST SIGNIFICANT DIGITS AND STORSC
£ IN NRED, SCALE FACTOR WILL BE STORED IN NDXJ COMMENT. .04 oSIG6V WILL NOSE
T NDETERMINE SIGN3 REGIN INTEGER ARRAY NUT[11613 INTEGER SCALE,POWER,I3 LSC
ARFL START»GOSIG»COMPUTS SCALE ¢ 63 POWER ¢ S3 DBCD ¢ 0 D ¢ ABS(D)J D 1SC
= D + 0,00000053 STARTt IF ENTIER(D) > 999999 THEN BEGIN D e D/103 SCALESC

¢ SCALE + 13 GO TO START END ELSE GOSIG: IF (D/10#+POWER) 2 § THEN GO TOSC

COMPUT ELSE POWER ¢ POWER = 1} SCALE ¢ SCALE = 13 IF POWER # =1 THEN sbsc
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TO GNSIG ELSE COMPUTS FOR I ¢ 1 STEP § UNTIL 6 DO BEGIN NUTCLI] ¢ ENTIERSC
(D/10*POWER)Y J D 1= D =NUTIJ] x 10+POWER} POWER t= POWER = § ENDJ NDX ¢ SC
SCALE} DBCD.L1216] ¢ NUTL11,[4286]1) DBCD,(1826) ¢ NUT[2),04216)3 DBCD.[2SC
4161 ¢ NUTL31,04216)3 DBCD.[30t6) ¢ NUTLA],04286)3 DBCD.[3686) ¢ NUTLS],SC
(421613 DBCD.L4216) ¢ NUTIAY,[48216) ENDS PROCEDURE PRINTVIN,A,NX»NY)J VASC
LUE NsNX»NY} INTEGER NpNX,NY3 ALPHA ARRAY A[113 COMMENT TYPING STARTS ATSC

CURRENT POINT IF BOTH NX AND NY ARE 1023, DTHERWISE TVPING;BEGINS AT (NS¢
XsNY)3 BEGIN INTEGER STOCDUNT, I» AREGsINDX,STORAGS LABEL CURPT, DUAL, SSC
PECPT, PLOT,START,FINIS} IF N=n THEN GO TO FINISS INDXt=03 AREGt=03 STOCSC
DUNT « N MOD 63 IF STOCOUNT=z0 THEN GO TO START} INDXs=IsaN DIV 6 ¢ 13 STSC
ORAG$=A{I35 IF STDCOUNT=5 THEN A[T3.012330) ¢ A[fI1,[18830) ELSé IF sTOcCnsC
UNT=6 THEN ACT3.,012:24) & AC1),024:24) ELSE IF STOCOUNT=3 THEN ALIJ.[12:SC
18] ¢ A[I1,0301181 ELSE iF STOCOUNT=2 THEN A[{IJ,[12812) ¢ A[1],036212] ESC
LSE IF STOCOUNT=1 THEN A[I],[1286) ¢ A[11.,0642:613 STARTs IF NX = NY AND SC
NY = 1023 THEN GO TO CURPT ELSE GO TO SPECPT3 CURPTS AREG.[12t30) t= "B SC

"} AREG.[4236) « BSCODECAL11,012:61)3 PLOTP(O»AREG)S 1¢13 STOCOUNT o}SC
3 IF Nx=1 THEN BEGIN AREG,[12:6) ¢ 103 GO TO PLOT ENDJ DUALS AREG.[1286) SC
¢ BSCODECALTI}.{1B36))3 STOCOUNT ¢ STOCOUNT + 13 IF STOCOUNT a N THEN BEGSC
IN AREG.[1Bt6) ¢ 103 GO TO PLOT END} AREG.[18:8) ¢« BSCODE(CALI),[2426])3 SC
STOCODUNT ¢ STOCOUNT + 13 IF STOCOUNT = N THEN BEGIN AREG,[24t6) ¢ 103 GOSC

TN PLOT END3 AREG.[28416] ¢ BSCODE(A[11,[30861)) STOCOUNT ¢ STOCOUNT + {SC
5 TF STOCOUNT = N THEN BEGIN AREG,(3016) ¢ 105 GO TO PLOT ENDS AREG.[30:SC
6) ¢ BSCDDECALI),.[36161)3 STOCOUNT ¢ STOCOUNT + 13 IF STOCOUNT = N THEN SC
BEGIN AREG.[3626] ¢ 103 GO 7O PLOTY EQDJ AREG,(3616) ¢ BSCODECAL]].[42261SC
)3 STOCOUNT ¢ STOCOUNT 4 13 IF STOCOUNT = N THEN BEGIN AREG.[8216] ¢ 103SC

GN TD PLOT ENDJ I o I+13 AREG,[4216) ¢ BSCODECALI).L12161)3 PLOTPCO,ARESC
G)} STOCOUNT « STOCOUNT + 13 IF STOCOUNT = N THEN BEGIN AREG.[1216]) ¢ 105C
3 60 TO PLOY ENDJ GO TO DUALS SPECPTt AREG ¢ 03 AREG.{12t6) ¢ 163 AREG.CSC
2031103 ¢ NX3 AREG,[38110) ¢ 1023 = NY3 AREG.[3036) ¢ éSCODE(A[l!.[l?'G])SC
3} PLOTP(OSAREG)S T ¢ {3 STOCOUNT ¢ 13 IF STOCOUNT = N THEN BEGIN AREG,C1SC
2163 ¢ 103 GO TO PLOT ENDJ GO TO DUALS éLOTl PLOTP(O,AREG)JIF INDX=0 THESC
N GO TO FINISS ATINDX)s=STORAGS) FINISIENDS PROCEDURE ERMRKVS BEGIN INTEGSC
ER Ii»W1>W2,AREGS CPMMENT.....PLACE ERROR MARKS ON FRAME} WY ¢ 240143977SC

63 W2 ¢ 1048576} AREG ¢ W1) FOR I1 ¢ 1 STEP 1 UNTIL 10 00 BEGIN PLOTP(O,SC
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i
AREG)S AREG « AREG + WP END ENDJ PROCEDURE RESETV) COMMENTeeeeo0CT 56, ASC

DVANCE FILM, STOP TYPE» AND SET H]GH INTENSITYS BEGIN INTEGER AREGS AREGSC
¢ 0) AREG.[12161¢463 PLOTPC1,AREG) ENDJ PROCEDURE INTENSCMODE)} VALUE‘MSC
DDE} ALPHA MDDE3S COMMENTscesoMODE = "HIGH™ OR "LOW® WILL PLOT BLANK AT 0S¢
20} BEGIN INTEGER AREGS AREG t= 0) AREG,[1216) t= 23 AREG,[3016) s 483 SC
IF MODE = "LOW"™ TWHEN AREG,(1216] 1= 43 PLOTP(O,AREG) ENDJ PRDCEDURE FORMSC
V3 COMMENT...s.0CTAL %50 COMMAND, PROBABLY NOT USEDS BEGIN INTEGER-AREGl sC
AREG 3= 0) AREG.[1236) ¢ 403 PLOTP(1,AREG) ENDJ PROCEDURE ERRNLVCXYL»XYUSC
sML,MUsDXY)3 REAL DXYsXYLsXYUS INTEGER ML»MU3 COMMENT,.ss,.DO0ES SAME FOR SC
NONLINEAR PLOT AS ERRLNY DOES FOR LINEARS BEGIN INTEGER ERRORMARKS REAL S8
CELL? LABEL ER10,ER20,ER21,ER3IO0-ER40, ERKO,ERBOSEREND,ERS0S IFIMU + ML =SC
1023) < 0 THEN GO TO ER10 FLSE ERRORMARK ¢ 13 MU ¢ ML ¢ 500) ER10t IF XSC
YL # O THEN BEGIN CELL ¢ -XYL} GO TO ER30 END ELSE IF XYU = 0 THEN BEGIN SC
CELL ¢« 1.0} GO 7O ER21 END ELSE CELL ¢ 0,1 x XYU} ER20¢ CELL ¢ ABS(CELL)ISC

3 ER21t ERRORMARK ¢ 13 ER30s IF CELL <0 THEN GO TO ER20 ELSE XYL ¢ CELL?ISC

TF XYU # O THEN REGIN CELL ¢ XYUJ GO TO ERS0 END ELSE CELL ¢ 10,0 x XYLSC
3 ER&01 CELL ¢ ABSCCELL)} ERRORMARK ¢ 13 ER508 IF CELL < 0 THEN GO TO ERSC
40 ELSE XYU ¢ CELLS IFCXYU = XYL) # 0 THEN GO TO ER60 ELSE ERRORMARK ¢ 1SC
3 XYL ¢ 0,1 x XYU3s ER601 CELL ¢ €10 ® 10) X XYLJ IF CELL 2 XYU THEN GO TSC
0 ERBO ELSE XYU ¢ CELLS ERRORMARK ¢ 1,03 ERB03 IF ERRORMARK # 0 THEN ERMSC
RKVJ EREND1 ENDJ PROCEDURE ERRLNVCXYL,XYUsML,MUsDXY)$ COMMENT THIS PROCESC
DURE CHECKS VALIDITY FOR THE SPECIFIED PARAMETER VALUES. IF THE PARAMETESC
RS ARE INVALID, A PRESET VALUE WILL REPLACE THE ERRONEOUS VALUES REAL XYSC
LsXYUsDXY$ INTEGER ML, MUS BEGIN REAL CELL,CELL2) INTEGER ERRORMARK} LABSC
EL ECsEAsEB,EEsEF,EGS ERRORMARK ¢ 05 CELL ¢ XYU = XYL} IF CELL®O FHEN GOSC

TO EC ELSE 60 TO EAJ ECt XYU ¢ XYL + 10,0} ERRORMARK ¢ 1) CELL ¢ 103 EASC

1 IF (ML¢MU = 1023) <0 THEN BEGIN CELL2 ¢ ABS(ML+MU=1023)) GO TO EB END3SC

ML ¢ MU ¢ 5003 CELL2 ¢ 233 ERRORMARK ¢ 1J EB1 CELL ® ABS(CELL2)/CELL) cSC

OMMENT IF DIVIDE CHECK DCCURS GD TO ECJ IF CABSCCELL x DXY) =3,0)>0 THENSC
GO TOD EEJ DOXY ¢ 03 ERRORMARK ¢ 13 EEs IF ERRORMARK = § THEN GO TD EF ELSC
SE GO TO EGJ EFs ERMRKYVS EGt ENDJ PROCEDURE LABLYVC(DAIXpJYsNX2INToNDMAX)SSC
VALUE DsIXsTYsNXsINT,NDMAX) INTEGER IX»IY»NXsINT,NDMAX} COMMENT,s,.ee D SC
s FLOATIMG POINT NO. TO CONVERT, IX,1Y = ORDINATES (IN RASTER COUNTS) FDSC
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R LOC OF 1ST CHAR, THESE ORDINATES H{EE BE USED FhR CENTER OF CHAR, NX =SC
N, CHARACTERS TN BE DISPLAYED NT = N0, TIMES TO DISPLAY THESE CHAR, INSC
SAME POSITION NDMAX = MAXIMUM DECIMAL SCALES REAL DJ CDMMENT,.,..USES PRSC

INTV,CHARACTRON CHARACTERS) BEGIN ALPHA BLNKO»BLANK»MIN,DECP,NDECPT,B81,B2SC

sR3,R4,R5 5 ALPHA ARRAY DRCD[1:213 LABEL L320,LB30,LRB40,LB841,1L860515,COMSC

1» LB21,LR61,1.B623 INTEGER I1,MAXNX»JsNDX»AREG»MQ,QREG»ACC,»WORK1,Z2ERD,12SC

sCT3 RLNKOe™ N"} RLANKen "} MINe"=00000"} DECPe",00000%"3 DECPTeSC

"oNNOn,"3 Ble™0 "3 B2e"00 "}B3¢"000 "3 B4e"0000 "3 RSem00000 "SC

3 J € 15 MQ ¢ QREG o ACC ¢ WORK] ¢ ZERO ¢ CT ¢ 03 12 ¢ 6} MIN ¢ "=00000"SC

3} MAXNX ¢ 63 SIG6V(D,DRCDLJILNDX)3 QREG ¢ DBCOD[133 I1 ¢ NDMAXS IF NDMAX SC

> NDX THEN BEGIN T1 ¢ 11 = NDX3 AREG ¢ RLNKO END ELSE GO TO LR21} IF NDXSC
# 0 THEN AREG ¢ RLANK3 IF 11 > 6 THEN GO TD LR41 ELSE IF 11 = 1 THEN BRESC

GIN MG,[18330) ¢« OQREG,[1213013 MQ,[12861 ¢ AREG,[4236)3 ACC ¢ B3 END ELSC

SE IF T1 = 2 THEN BEGIN MQ.[24:24) ¢« QREG.[12824)5 MQ.[12212) ¢« AREG.[3IASC
11233 ACC ¢ R2} END ELSE IF It = 3 THEN BEGIN MQ,[30818] ¢ QREG.[12:118135¢C
MB.[12118]1 ¢ AREG.[3031B33 ACC ¢ R3 END ELSE IF I1 = & THEN BEGIN MQ,[3SC

61121 ¢ QREG.(12312]3 MQ.[12128] ¢ AREG.[28:2433 ACC ¢ B4 END ELSE IF T11SC

= 5 THEN BEGIN MQ.{4216] ¢ QREG.[1216)) MQ.[12130) ¢ AREG.[18:30)3 ACC S€

« 35 ENDJ LB20:AREG « ACCH QREG ¢ O3 LB21t 11 1= NDMAX} IF NDMAX < S5 THSC
EN GO 7D LR30 ELSE WORK1 ¢ AREGJ AREG ¢ QREGS QREG ¢ WORKi3 IF NDMax > 4SC
THEN GO TO L R41 ELSE QREG ¢ DECP} GO TO LB403 LB30'AREG ¢ 0} MQ ¢ 03 IFSC
It = 0 THEN BEGIN AREG.[1226) ¢ DECPT,.[42%613 AREG,[18130) ¢ QREG,[12835C
0] END ELSE IF It = 1 THEN REGIN AREG.[1236) ¢ QREG.[1216)) AREG.[18316) SC
¢ NECPT.(42346]3 AREG.L24324] ¢ QREG,[18:24] END ELSE IF It = 2 THEN BEGISC
N AREG,[12:12] @ QREG,[12112)3 AREG.[2436) ¢ DECPTY,[4286]) AREG,[30:18) SC
¢ QREG.[24:18) END ELSF IF I1 = 3 THEN BEGIN AREG.[123118) €QREG.[12118])5SC
AREG.[3036] ¢ DECPT,[42816]1) AREG,[36312] ¢ QREG.30812) END ELSE IF I1 SC
= 4 THEN BEGIN AREG.[12224] ¢ QREG.[12124)3 AREG.T3616) ¢ DECPT.[42:613 SC
AREG.T4216) ¢ QREG,[3IAY6) END ELSE 158 BEGIN AREG.[312330) ¢ QREG.[12:30)SC
3} AREG ¢ AREG + DFCPT ENDJ COM13MQ.[1286] ¢ QREG.[4216)3 QREG ¢ MQ3 LB40OSC
112 € 12 4 13 MAXNX & MAXNX ¢ 13 IF D 2 0 THEN GO TO LB6O3 IX ¢ 1X = B3 SC
I1 ¢ 11 + 1} LBRA1iDBCOCL) ¢ AREG) Il e NX3 IF 1% > MAXNX THEN 11 ¢ MAXNXSE

J OREG.[18:30)¢ QREG.[12330)) QREG.[1216) ¢ AREG,[4216)} AREG.[18330) « SC

AREG.[12330)3 AREG.[1216] ¢ ZERO.[121613 DBCDI[1) ¢ AREG + MINJ LB603DBCDSC
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[?2] ® QREG? NX e J13 DRCDI2]).[42816] t= DBCDL2].[1286)3 IF (NX = 0) DR (NSC
X = 6) THEN GO VO LB61 ELSE IF NX = 1 THEN DBCDC13.[48226] 1= DRCDI1).012S¢C
$16) ELSE IF NX = 2 THEN DORCDI1].036112] 1= DBCD[11,012112] ELSE IF NX = SC
3 THEN DBCDC131,£301181 8= DRCDC11,[12818) ELSE IF NX = & THEN DBCDIt1l.[25C
412481 3= DBCNDI1).012224) ELSE IF NX = 5 THEN DRCDr11,018130) = DBCD[13,SC
(12130313 LB61t FOR Itt= 1 STEP 1 UNTIL INT DO PRINTV(NX»DRCD ,IX,IY)3 LRSC
623 END3 PROCEDURFE SCRND(XMAXs XMIN, XRMX»XRMN)3 VALUE XMAX,XMIN3 COMMENSC
T GIVEN EXTREME VALUES OF A VARIABLE TO BE PLOTTED, PRACTIC‘L GRID LIMITSE
S ARE DETERMINED, VARTABLE MAY BE X OR Y3 REAL XMAXs XMIN»XRMYX,XRMN} BEGSC
IN REAL XR1s XL1sNXsSC1»SC?» XR» XLs Z3 INTEGER NCNT» KS3 LABFL S$C30s SCSC

40, Sr60» SCBD» SC100, SC110» SC140, SC150s, SC180, SC190» SC200, SC210, SC

SC?220,SC1703 XR1 € XMAX3 XL1 e XMIN} DX ¢ XRy = XL13 IF DX <€ 0 THEN GD 7SC
0 SC1703 NCNT « 03 SCt o KS « 13 IF ABS(XR1) = ABS(XL1) 20 THEN GO 7O ScscC
303 KS ¢ =13 XRY ¢ =XL13} XL1 ¢ =XMAX3 COMMENT NOW XR1 MUST BE POSITIVE, SC
AND GRFATER TN MAGNITUDE THAN XL1} SC30: SC2 « SCi1x103 XR ¢ XR1} XL e XLSC
1; Z¢13 SC40: IF (XR =SC1)=0 THEN GD 7O SC110 ELSE IF (XR = SC1)>0 THEN SC
GO TO SC603 XR ¢ ¥R x 103 Z ¢« Z x 103 60 TD SC403 SC603 IF (XR = SC2)<0 5S¢
THEN G0 TD SCRO ELSE IF (XR =~ SC2) = 0 THEN GO TO SC1003 XR ¢ XR/103 Z &SC

7710 GO TD SCKO3 COMMENT XR NOW LIES BETWEEN SCt1 AND SC1 x 103 SC801 XSC

R ¢« SIGN(XR)x ENTIERCARS(XR))} IF (XR = XR1 x Z) 20 THEN GO TN SC1003 XRSC
e XR+13 SC1002: XR ¢ XR/Z3 COMMENT ROUND XL, wHICH MAY BE POS OR NEG. NOSC
TE THAT ABS(XL % 7) MUST RE LESS THAN SC1 x 10» WHICH IS BNUNDED BY (FORSC
NCNT =4) 100,0003 SC110t XL ¢ SIGN(XL x ZIxXENTIER(CABS(XL x Z))3 IF (XL1SC
)=0 THEN GO TO SC1S50 ELSE TF (XL1)>0 THEN GO TO SC140} IF (XL=XL1 x Z) <SC
0 THEN GO TO SC1403 XL e XL =13 SC1808 XL ¢« XL/ZJ SC150t IF (DX/(XR=XL)=SC
«8) 20 THEN GO TO SC{9n3 NCNT ¢ NCNT+13 IF (NCNT=4)SO THEN GO TO SC1803 SC
SC170% XRMX « XMAY3 XRMN ¢ XMIN3 GO TO SC220; SC180t SC1 ¢ SC1 x 103 GO SC
YO SC303 SC190t IF (KS)>»0 THEN GO TO SC2103 SC2003 XRMX ¢ =X 3 XRMN ¢ =XxS¢
R3 GO TO Sc2203 Sc210t XRMX ¢ XR} XRMN ¢ XL} $£220t ENDS PROCEDURE LINEVSC
(NXOsNYO, NX1s NY1)3 VALUE NXO»NYDLSNX1»NY13 INTEGER NXOs NYO, NX1s NY$13SC
REGIN DEFINE Z = TOMJIMJUDEJOHNEZ, Q = THISISIDENTO#) INTEGER AREG» XDIFFSC
»YDIFF, XCURRENT, YCURRENTsCELL» XREM, YREM} LABEL LNis, LN2, LN3, LNENDISC
MXO€ARS(NXOIMOD(1024)3NX1€ABSCNX1IMOD(1024)3 NYO ¢ 1023 = NYO3 NY1 e 10SC

23 = NY13 XDIFF € (NX1=NX0)} YDIFF ¢ (NYO=NY1)} IF (XDIFF=0) AND (YDIFF S€
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=0) THEN GO TO LNEND? XCURRENT ¢ NX0S YCURRENT ¢ NYO3 XREM ¢ ABS(XDIFF)I3SC
YREM ¢ ABSC(YDIFF)3 LNttt AREG ¢ 03 AREG,[1222] ¢ 33 IF XDIFF 20 THEN ARESC
Go[30:1) ¢ 13 IF YDIFF 20 THEN AREG,[3131) ¢ 13 AREG,[20110) ¢ XCURRENT,SC
(38:10)3 AREG.[381103} ¢ YCURRENT,[38310)3 IF (XREMS63) AND (YREMS63) THESE
N BEGIN AREG.[1416) ¢ XREM,[4216)3 AREG,(3236] t= YREM,[4281613 IF Z = 50SC

0 THEN PLOTP(O,AREG) ELSE BEGIN Qf7) t= AREG3 2 1= Z « 1 ENDJ GO TO LNENSC

o

END ELSE IF XREM 2 YREM THEN GO TO LN2 ELSE GO TO LN33 LN2t AREG.[1436SC

l ¢« 633 CELL ¢ ENTIER((63IXYREM)/XREM)} AREG,[32836) = CELL.[4216)3 IF Z SC

500 THEN PLOTP(0,AREG) ELSE REGIN QUZ) 2= AREG3 Z 1= Z + | ENDJ} XCURRESC
NT ¢« XCURRENT + SIGN(XDIFF)Ix633 YCURRENT ¢ YCURRENT = SIGN(YDIFF)‘CELL’ S¢C
YREM ¢ YREM = CELLS XREM ¢ XREM = 633 GO TO {N13 LN3t AREG.[3216) ¢ 63} S¢€
CELL ENTIER((63XXREM)/YREM)3 AREG,[1836) 3= CELL.[4216]13 IF Z = 500 THSC
EN PLOTPCOSAREG) ELSE BEGIN Q[Z]) 3= AREG3 Z s= Z + 1 ENDJ XCURRENT ¢ XCUSC
RRENT + SIGN(XDIFFIXCELL? YCURRENT ¢ YCURRENT = SIGN(YDIFF)Ix63} XREM ¢ XSC
REM = CELL? YREM « YREM =633 GN TO LN1} LNEND: END) PROCEDURE CAMRAV(N)3SC

VALUE N3} INTEGER N} BEGIN-INTEGER AREG,TEMP3 LABEL CX3 AREG ¢ 03 IF N =SC

35 THEN BEGIN TEMP ¢ 333 GO TO CX END ELSE IF N = 9 THEN BEGIN‘TEMP e 38C
43 GO TO CX END ELSE TEMP ¢ 35} CX! AREG,[12%6) « TEMP} PLOTP(1,AREG) ENSC
D3 PRNCEDURE PLOTVINXsNYsKsJ)3 VALUE JoNX»NY,K3 COMMENT NX AND NY MAY BESE

DF TYPE REAL OR INTEGER DEPENDING ON WHETHER J IS 7 OR 0. IF J=0 THEN NSE

X AND NY ARE RASTFR COUNTSS INTEGER K» J3 REAL NXsNY) BEGIN INTEGER STORSC

E» X» Y, CHEK13 LABREL OTHERS IF J#0 THEN BEGIN XSCALV(0,0,0,0,1»NXsXs CHSC

EK1)3 YSCALV(0,05050515NY»Y,CHEK1)} Y ¢ 1023 = Y3 GO TO OTHER ENDJ X ¢(NSC
X)M0D(1024)3 Y ¢ 1023 =(NYIMOD(1024)3 OTHER: STORE ¢ 03 STORE,.(20%10) ¢ SC
X} STORE.[383110) ¢ Y} STDRE,[3086) o BSCODE(K.[42161)3 PLOTP(O, STORE) ESC
ND3 PROCEDURE NONLNV(ISLREFRsIBASE»ITOP,XYLs»XYUsDXY>NMsIJsNXY,INWH)3 VALUSC
E T,LREFR,IBASE,ITOPsXYLs XYUsDXYsNMsTJsNXY»TWH} INTEGER I,LREFR,IBASE,ITSE
DPsNM,TJsNXY, IWH3 REAL XYLs» XYUs DXYS BEGIN LAREL LA09,L4810,L&14,L417,L4SC
21,L873,L424,L830,1.631,L836,L437, L838,L839,L001,0L082,L045,L826,L8483 RESC
AL DELTA, ApRoXYMAX’XYMIN:START:RS»XY:SfUP’ INTEGER IY1,IY2,IYL»IX1,1IX2,SC
IXULoNDMAX,L,I1J IXt ¢ 1YL ¢ IBASE} IX2 ¢ IY2 ¢ ITOP3 IXL ¢ IYL ¢ LREFR} SC
DELTA ¢ ABS(DXY)} IF (DELTA=1,0)<0 THEN GO YD L448 ELSE IF DELTA=1,0 THESC
N GO TO L8103 L4098 DELTA ¢ 103 LA&10Y A ¢ ABS(XYL)} B ¢ ABS(XYU)} IF A<BSC
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THEN BEGIN XYMAX ¢ B} XYMIN ¢ A END ELSE BEGIN XYMAX ¢ A3 XYMIN ¢ B ENDSC
3 L8141 SIGOVIXYMAX,B,NDMAX)S LeaLNCXYMIN)/LNC10)3 STARTI=10+L/105 L417:SC
RS € 13 II ¢ 13 XY ¢ START3 STOP ¢ STARTX103 L4218 IF I=2 THEN GO TO Lasc
303 L4233 XSCALV(0s0»,0,0,1»XY»TX1,0)5 IF (IX1)€0 THEN GO TO LA413 L4241 SC
IX2 € IX13 IXL € TX1 =C(NXY=1)xIWH)/23 GO TO L8363 L430: YSCALV(0»0,0,0,SC
1»XYsTY150)3 IF (IY1)€O THEN GO TOD LA413 L4318 IY?2 ¢ TY13 IYL ¢ 1YL ¢+ 3 SC
+ IWH/23 L4368 LINEVCIX1,1Y1»IX2,1Y2)3 IF I1I=2 THEN GO TO L4423 L4378 IFSC
(NXY)=0 THEN GD TO L4393 La38: LABLVIXY,IXL,IYLsNXY, 1,NDMAX)} L4393 T11SC
¢ 25 GO TO L4363 L44a1t IT e 23 L8442t RS ¢ RS+DELTA} XY ¢ STARTxRS3 IF (S¢C
XY=xYMaX)>0 THEN GO TD L4483 L4a4aSt IF (XY=STDOP)<O0 THEN GO TO L4213 La4g63SC
START e STOP3 GO TO L4173 LA4RY END3 PROCEDURE FRAMEVS COMMENT.....0CT SE
46 WILL ADVANCE FILM FRAME ONLY; BEGIN INTEGER AREG3? AREG ¢ 05 AREG,[123SC
6] ¢« 383 PLOTP(1,AREG) END3 PROCEDURE LINRV (I»LREFR,IBASE,ITOP»XYL»XYU»SC
DXYsNMsTJsNXY»IWHYS VALUE T-LREFR,IBASE,ITOP,XYLsXYUsDXYsNM, TUsNXYsIWH3 SC
INTEGER T,LREFR,IBASE,ITOPsNM,TJsNXY»IWHS REAL XYL,XYU,DXY} BEGIN LABEL SC
V3n30,V3050,V3130,V3170,V3220,V3260,V3290,V3295,V3310, V3312,V3315,V3320SC
#V3330,V3332,V3350,V3400,V3410,V3460, V3494,V3496,V3498,V3500,V3510,V353SC
0sV3540,V3550,V35480» V3570»V3600,V3620,V3630,V3660,V3670,V3T30,V37403 INSC
TEGER NABS» IARS, IX1», IX2,IXsIY,I1Y1,1Y2,NDMAX, K, J» NCHAR} REAL DELTA,SC
AsB»STOP1»STOP2,5T,XY»START,TRTIAL,XCOUNTSsXYN3 SWITCH SWT ¢ Vv3332,V3290,VSE
33103 v3030: DELTA « ARS(DXY)$ IF NELTA=0 THEN GO TO V37403 V3050t NABS SC

¢ ARS(NM)} TARS € ABS(IJ)S IX1 ¢ JRASES IX? ¢ ITOP3 IX ¢ LREFRS IY1 ¢ IXSC

13 IY2 ¢ 1IX23 1Y € IX3 A ¢ XYU} B ¢ XYL} IF A<B THEN BEGIN STOPY) ¢ B3 STSC
OP? ¢ A END ELSE BREGIN STOPY ¢ A3 STOP2 ¢ B END3 IF ABSCA) < ABS(B) THENSE
T¢ABS(B) ELSE T e ABS(CA)S SIGSV(T» XY, NDMAX)3 T e AxB3 IF T <0 THEN GOSC
TO V3130 ELSE GO TO V31705 V31301 TRIAL ¢ START ¢ 03 GO 7O V32603 Vv3i70SC
1 TRIAL ¢ STOP2} 1IFf (STOP1) < 0 THEN TRIAL ¢ STOP1 ELSE IF STOP1 = 0 THESC
N GO TO V31303 V3220t T ¢ TRIAL/DELTAS IF (ABS(T)=9999999,0)20 THEN GO TSC
0 V3130 ELSE START ¢ DELTAXSIGNCTIXENTIER(ABS(T))} V3260t XCOUNT ¢ 1,0} SC
COMMENT BEGIN OUTER LOOP) FOR X ¢ | STEP 1 UNTIL 3 DD BEGIN GO TO SWT[KJISC
3 V3290% IF NABS<O THEN GO TO v3050 ELSE IF NABS=0 THEN GD TO V37303 V32SC
951 XCOUNT ¢ NABS) GO TO v33203 V3310t IF NXY=0 THEN GO TO v3r303 Vv33121SC
IF IARS<O THEN GO TO v30%0 ELSE IF IABS=0 THEN GO TO V37303 v3315: XCOUSC

NT ¢ IABSS) V33208 T e NDELTA x XCOUNTS V33308 START ¢ TxSIGNCTRIAL/TIXENTSC
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IERCARS(TRIAL/T))3 COMMENT REGIN INNER LOOPJ V3332t FOR Jet STEP 1 UNTILSC
2 DO BEGIN XYN ¢ 03 V33508 XY ¢ START + DELTA x XYN3 V34001 IF 1=2 THENSC
GO TD0 V34603 V348103 XSCALV(O0»050,051,XYsIX1,0)3 IX2 ¢ IX13 IF IXi30 THESC

N GO 7O V3494 £LSFE GD TO V3S005 V3ak0t YSCALV(O0»0,0s0r1sXY,1Y1,0)3 1Y2 SC

IY13 IF 1Y1=0 THEN GO TO V3494 ELSE GO TO V35003 v3494s IF Jm2 THEN GO SC
TD V349A3 v3496t IF (XY = STOP1)<0 THEN GO TO V3630 ELSE GO TN V36603 V3SC
498t 1F (STOP2 = XY)<0 THEN GO TO v3630 ELSE GO TO V36603 v3S00s IF K = SC
3 THEN GO TO V353035 V35101 (INEV(IX1,IY1,IX2,1Y2)3 GO TO V36305 V3530t NSC
CHAR ¢ NXY; Vv3540: IF XY=0 THEN GO TO V3550 ELSE GO TO V35603 Vv3550: IF SC
2 < NDMAX THEN NCHAR ¢ NDMAX ELSE NCHAR & 23 v35608 IF I=2 THEN GO TO v3SC
6003 V35703 IX € 1X{ = ((NXY=1)XIWH)/23 GO 7D V36203 V3600t 1Y ¢ IY1 + (SC

IWHI /2 ¢ 33 V3620: LARLVIXY,IXsIY,NCHAR, 1,NDMAX)} V36301 XYN ¢ XYN + XCSC

OUNTS GD TO v33503 V3660t DELTA e =DELTA3 V3670: END OF INNER LODOP3 Vv373SC
0: END DF OUTER LOOP3 V37403 END OF | INRV3 PROCEDURE STOPTV3 REGIN INTEGSC
ER AREG; AREG 3= 05 AREG.[1236) ¢ 103 PLDTP(O»AREG) END3 PRODCEDURE YAXISSC
VINXsNY)3 VALUE NX,NY3} INTEGER NX,NY} BEGIN INTEGER AREG} AREG1=03 AREG,S€E
[12:6) ¢ 263 AREG,[20210] ¢ NX} AREG,r38310] ¢ 1023 = NY} PLOTP(1,AREG) SC
END3 PROCEDURE XAXTSVINXsNY)} VALUE NX,NY; INTEGER NX»sNY3 BEGIN INTEGER SC
AREGS AREG?=03 AREG.[12161 ¢ 243 AREG.[20210) ¢ NX3 AREG.[383101 ¢ 1023 SE€
= NY3 PLOTP(1,AREG) END3 PRDCEDURE HOLLV(IJ»WORDS,L )3 VALUE IJ3 INTEGER SC
1JsL3 ALPHA ARRAY WORDS[1)} COMMENT,...WNRDS = BLOCK OF BCO CHAR, L = LOSC
C OF DUTPUT CHAR 00000NDA CNMMENT,,..IJ = NO, OF CHARACTER TO RE PICKED SC
COMMENT.,..ASSUME DATA IN ASCENDING SEQUENCE} BEGIN INTEGER INT,UNR,AREGSC
3 LABEL E£X13 INT « IJ DIV 63 UNR ¢ IJ MOD 63 IF UNR # O THEN INT ¢ INT +S¢C
15 AREG ¢ WORDS[INT],[1283613 IF UNR = O THEN BEGIN L ¢ AREG,[4216]3 GO SC
TO EXY END ELSE IF UNR = 1 THEN BEGIN L ¢ AREG,[1216]3 GO TO EX1 END ELSSC
E IF UNR = 2 THEN SEGIN L ¢ AREG.[182613 GO TO EXY1 END ELSE IF UNR = 3 TSC
HEN BEGIN L ¢ AREG.[241613 60 TO EX1 END ELSE IF UNR = 4 THEN BEGIN L ¢ SC
AREG.[301633 GO TN EX1 END ELSE L ¢ AREG.[36:613 EX1t ENDJ} PROCEDURE APRSC
NTVCINCRX» INCRYSNCHAR,WORDS,IXs1Y)) VALUE IXsIY,NCHAR,INCRX,INCRY} INTEGSC
ER INCRX»INCRY,NCHAR»IXs1Y3 ALPHA ARRAY WORDS{1)3 BEGIN INTEGER JsL3 NCHSC
AP ¢ ABS(NCHAR)} FOR J ¢ 1 STEP 1 UNTIL NCHAR DN REGIN HOLLV(JsWNORDS,L)3SC
PLOTVCIXsIYsL»s0D)3 IX ¢ IX + INCRXI IY ¢ IY + INCRY END ENDOS PROCEDURE MSC

ARGIN(L1sML3,A5R)3 VALUE L13 INTEGER L1,ML3,A»B3 BEGIN INTEGER ARRAY IQ[SC
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183), L{1365,12313 LAREL LB,L1003 INTEGER IC3 NWN INTEGER K3 IF Lt 2 0 THSC

EN GO TD LB ELSE « ¢ ARS(L1)} GRAPHCTPERPAGE 3= 13 LB82: L{1,1) ¢ L{3,2] &SC
LE6s1) ¢ LI652) € L[5,2) ¢ LCA51] ¢ 243 Lf!n?] € L£3,1] ¢ 6903 L0153) eS¢
1783 L{2,1) ¢ L£252) ¢ 3571 L[253) ¢ 5113 L[3s3]¢ BA443 L[8,2) ¢« L[S5,1) SC

¢ 5283 LLA4s3] ¢ 2625 LI5531 ¢ 7623 L[653) « 5123 1QC1) ¢ 53 10r2) ¢ 33 ISC

Q[3) « 03 L100t IC 3= GRAPHCTPERPAGE 4 IQ(K13 ML3 « L[IC»313 A ¢ LLIC,13SC

}J B e LUIC»2)3 GRAPHCTPERPAGE t= GRAPHCTPERPAGE + | END3 INTEGER PRDCEDUSC

RE NBLANK(WORD,»N)3 VALUE N3 INTEGER N3} ALPHA ARRAY WORD[1)3 COMMENT.ese.SC

NBLANK DETERMINES NO., NF €HARACTERS IN HOLLERITH LABEL NBLANKseseoIS 0O ISC

F WORD IS BLANK NRLANK.+e.eI1S NO. OF CHARACTERS IF (WORD) IS NOT BLANK3 SC

BEGIN INTEGER N1, I} LABEL LB1J N1 := 03 FOR I 1= N STEP =1 UNTIL 1 DO RSC

EGIN IF WORDII} = " " THEN N1 1= Nf + 1 ELSE GO TO LB1 ENDJ LB1! NBSC

LANK t= (N=N1) X 6 ENN3 PROCEDURE GRIDIV(LAXLsXUsYLsYUsDX»DYsNNsMM,TT,JUSC

sNXs>NYsAsB)3 VALUE LoXL»XUsYLsYUsDXsDYsNNs MM, IT5JJsNXsNYsAsB3 COMMENT,,,.SE

«eGEN. GRID SC=4020, LIN OR NONLIN ON EITHER x OR Y AXIS3 INTEGER L»NN,MSC

MsIToJJUsNXsNY>A»B3 REAL XUsXL»YLs>YUsDX»DY} BEGIN REAL ARRAY XYL»XYU,DXY»SC

PROUCTIC132]; ALPHA ARRAY CL1311} INTEGER ARRAY NXY,K»ISPACE,LU»MLsMU»ITTSC

sMTL,MTUL1323» NM,T1J0122]), LLE18221,LREFRI12312]3 DEFINE JOBID=THISISJOBISC

D#3 DEFINE PAGECT=XYZWPAGECT#3 REAL YMIN, AM_L, AMU} INTEGER IW0D2,IHD2,1TSC

sMUH, IWNIDE»THIGH,T,MUV3 LABEL L105,L110,LISPACE,L260,L350,L360,L370,L4205¢

»L860,L 4805 L6E60sL66BsLETDs1L690,LT525L756sL7805L790»LB10,L850,L870» LO910SC

»>START,»L1205L700,L930,L7583 SWITCH SW1 ¢ L370,L48203 SWITCH SW2 ¢ L752,L7S¢

5633 COMMENT.....STOP TYPE MAY NOT BE NEEDED3 START?® STOPTV) INTENSC "HISC

GH™)J IF (L=2) = 0 THEN GO TO L1103 L105: FRAMEV3 C[1] 1= "PAGE™} PRINTVSC

(4,C»940,1023)3 PAGECT t= PAGECT + 13 LABLV(PAGECT,»980,1023,3,153)3 MUV SC

te 7803 FOR I 8= ¢ STEP t UNTIL 16 DO BEGIN C[1) = JOBIDII}3 PRINTV(1,CSC

sMUV»1023)3 MUV 1= MUV + B ENDJ L1108 MTLI1]) ¢ 243 MTUL1) ¢ O3 MTLL[2] ¢ SC

A3 MTUL2] ¢ B3 IWIDE ¢ 83 IHIGH ¢ 103 SETSCALECK[1),K[2],1)3 L1208 XYLL1SC

3 e XL XYLC2) ¢ YL3 XYUL1] e XUS XYUL2) ¢ YU DXY[1) ¢ DX3 DXY[2] e DY3SC
NME1] ¢ NN3 NM[2) o MM3 TJUL1] ¢ II3 TJ[2] € JJ3 'NXYT1] ¢ NX3 NXY[2] ¢ NSC

Y3 TW02 ¢ IWIDE/23 IHD?2 @ IHIGH/2) IF XYL[2) < XYUCL2) THEN BEGIN YMIN ¢ SC

XYL[2]) GO TO LISPACE END ELSE YMIN ¢ XYU[2)3 LISPACES ISPACEr1) e NXY(2S6

1 x IWIDE + 63 IF YMIN < 0 THEN ISPACEL{) ¢ ISPACEC1] ¢ IWIDE 3 ISPACEL2SC

] ¢ IHIGH +63 L2608 LUL1] ¢ NXY[1) x INDO23 COMMENT.sses2ERO TEST REMOVEDSC
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3 LUL2?) ¢ ISPACEL?]3 FOR I « 1 STEP § UNTIL 2 DO BEGIN PRDUCTPI] ¢ XYUrISC
J ox XYL[IY3 LLITIY 1= 03 IF TJITY < 0 THEN GO 7O L3503 IF PRDUCTII) < 0 TSC

HEN GN TO L360 ELSE IF PRDUCTET] > 0 THEN GO TO L3503 IF XYLLT] # 0 THENSC

GN TO L3603 L3660t GO TO SWILI}? 3 L3503 LLIT] e ISPACE[LI)S L3708 IF LLTSC
11 > (LUL1] 4 TWINE & 2) THEN 60 TN L420 ELSE LLEY] ¢ LUC1) + IWIDE + 23SC
La20: MLTT] « LLTTI] + MTLL{TI3 MULTle LUCIT + MTULTIS ITTITI) ¢ 1023 = MLS¢C
[I) = MULI) ENDS IF NMr1] < NM[2) THEN BEGIN IT ¢ NM[11} GO TO L460 END SC
ELSE TT ¢ NM[213 (460t IF IT 2 0 THEN GO TO L4660 ELSE If ITTL1] <« ITTL21SC
THEN 2EGIN IT ¢ 1023 = 1YT7r1): GO 7D L4BO END ELSE VT ¢ 1023 = ITT[213 SC
L4RNne MUL1] ¢ IT7 = MLT1]3 MUL2] € IT = MLEZ2]3 COMMENT.,..,ERROR TESTS ANSC
D SCALES L6602 IF K[1) # 0 THEN GO 70 L668 ELSE ERRLNVIXYLI13sXYU[11sMLFSC
1Y, MUC11,DXYT11); GO TO LA703 LA6R1 ERRNLVIXYLI1),XYU[1I,MLL13»MUL11,DXSC

YI1))3 L6702 AML ¢ MLT1)3 AMU ¢ MUL1]13 XSCALVCXYLI13,XYUL11,AML,AMU,0,0,SC

0,033 IF K[2) # O THEN GO TN LA%0 FLSE ERRLNVIXYLI?)1,XYU[2),MLE2]» MUL21SC

2DXY[?1)3 GO TO L7003 L6902 ERRNLVIXYLE?IsXYUL2IsMLE21,MUT21,DXYT21)3 L7SC

00t AML & ML[2]3 AMU ¢ MU[2]3 YSCALVIXYLL2IsXYU[2]sAMLsAMU»0»050,0)3 LRESC
FRT11 ¢ MTL[I1] + TW02 + 33 LREFRI?2) ¢ MTLI2] + IH02 4 33 FOR T ¢ 1 STEP SC
1 UNTTL 2 0N BEGIN PRDUCTII) & XYLII1 x xYUCLI]3 IF IJLI] < O THEN GO 7O SC
L7090 FLSE IF PRDUCTIII > 0 THEN GO 7O L790 ELSE GO TO SW2[1)3 L7528 XSCASC
LV(D»0s0s0s1s O5ITT[11,0)3 ITTI1) € ITT[1] = ISPACEL1]} + [W023 GO TO L7SSE
83 L7583 YSCALV(0,0,0,0,1, 0s1TT1{21,0)3 ITTL2) e ITT[2] = ISPACE[2] + IHSC
023 L75R: IF CITT{I] = MTLITI)) 2 0 THEN GO 70 L780 ELSE IJI1] ¢ =(1J013)SC
3 GO 7D L2603 L7380t LREFREI) ¢ ITTrI] + 23 L7903 ENDJ MUH ¢ 1023 = MUL1])SC
3 MUV e 1023 = MUT2]13 IF YMIN 2 O THEN GO TO LR10 ELSE LREFRI1]) e LREFRISC
1] + IWIDE? L8102 IF KF1) # O THEN GO TOD L850 ELSE LINRV(1,LREFR{2]1,ML[2SE
1,MUVs XYLI13sXYUT1)sDXY[1),NMI1],TJLLI,NXY[1],IWIDEDS GO TO LB703 LBS503SC
NONLNV(1,LREFRI2ISMLI2I» MUV XYLT1 I XYUL1T»DXYL 11 NME1D,T1J01], NXYL1D,INSC

INE)S L8703 IF K[2) # 0 THEN GO TO L910 ELSE LINRV(2,LREFRCYI,MLI1)sMUH,SC

XYLE2?)oXYUL2ToDXY[2),NMI235TJL2),NXY[2),IHIGH)S GO TO L9303 L910t NONLNSC

V(2 LREFRI{1I,MLI1 I MUHS XYLE2YsXYUL215DXYL2]5NME2],TJ02]5 NXY[2],THIGH)S SC
L930s END3 PROCEDURE QUIK3LP(L»XL»XRsYBsYT»ISYM,BCOXsBCDY»NP,XsY)} VALUESC

LsXLoXRoYBsYT»ISYMH)NP3 COMMENT,e.,,QUIK3L WILL PLOT 1,2 OR 3 GRAPHS/FRASC
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ME ON SC=4020 AND CONNECTS PTS,3 REAL ARRAY X,Y,BCDX+BCDY[113 INTEGER L,SC
NP3 ALPHA ISYM3 REAL XLsXR,YB,YT) BEGIN INTEGER L1sNCXsDCXsDCYsINCRY,ICSC
Y IXsTYsIYIsNCYsNsNXsTER,MaJs NYS>KsI»NXO,NYO,NX15NY15A4,85 LABFL L100sL11SC
0,L140,L142,L128,L150,L200,1.201,L210,L220,L2715 L186,START3 ALPHA ARRAY SC
ASYMI131)3 REAL DX,DY} SWITCH SW3 ¢ L142, L1445, L146) STARYT: ASYMI1] s= SC
ISYM3 IF L = O THFEN GO TO L200 ELSE IF L > O THEN GO TO L100 FLSE L1 ¢ 1SC
3 GO TD L1103 L1002 L1 ¢ 23 L1108 NCX ¢ NBLANK(BCDX»12)3 NCY ¢ NBLANK(RCSC
DY»12)3 DCX ¢« DCY ¢ 103 INCRY ¢ =183 L140! MARGIN(CL,ICYsA»B)) IX ¢ S24 =SC
(4 x NCX)3 1Y ¢ ICY +(7 x NCY)3 GO 7D Sw3fLI3 L1422t 1Y1 ¢ 03 GO TO L1S03SC
L144: 1YY e ICY = 2533 GO TO L150¢ L1462 IYY t= ICY = 1693 L150% CAMRAVSC
(35)3 DXDYV(1sXLsXRsDXsNsT»NXsDCXsTERsA,BY? DXDYV(2,YB,YTsDY»MsJsNY,DCY,S5€
IER,A.R)} GRIDIV(LI»XL-XR;YB»*T:DX-DY:N;M;I»J»NX;NY}A»B)! PRINTV(NCX,BCDSC
X>IXsTY1); APRNTV(N, INCRYSNCY,RCDYs0,1Y)3 L200! IF NP 2 0 THEN BEGIN APLSC
DTVINP,X5Y>151,1,ASYM,TER)S3 GO TO L2713 END ELSE NP t= ABS(NP)} L201t FNSC
R K ¢ 1 STEP 1 UNTIL NP DO REGIN XSCALV(O0»0505051,X[KIsNX150)3 YSEALV(0,»SC
0s050s15Y[KI,NY1,0)3 TF (K=1) € O THEN GO TO L1220 ELSE L2108 LINEV(NXO,NSC

YOsNX1sNY1)3 L2203 PLOTV(NX1sNYL1sISYM,0)3NX0O ¢ NX13 NYO ¢ NYI ENDJ} L2712:SC

END3J PROCEDURE QUIK3V (L,ISYM,BCDXsBCDY»NP»XsY)} VALUE ISYM,L,NP} REAL SC
ARRAY XsY,BCDX»BCDY[113 INTEGER LsNP; ALPHA ISYM; COMMENT.....COMPUTES XSC
sY»MINs AND MAX AND PLOTS ON SC=4020 L = NO, GRAPHS/FRAME,.(1,2,0R 3), IFSE

L IS NEG, FRAME WILL RE ADVANCED AND NP POINTS WILL BE PLOTTED ON GRAPHSC

NDO., 1 IF L 1S POS, NP POINTS WILL RE PLOTTED ON GRAPH NO., 2 AND 3 ISYM SC
= PLOTYTING SYMBOL NP = NDO, PTS TO BE PLOTTED A3CDX,BCDY = ALPHANUM CHARACSE
TERS FOR X AND Y LABELS IF NP IS NEGs PTS WILL BE CONNECTED WITH STRAIGHSC
T LINF3 BEGIN INTEGER K3 LABEL L60,L1003 REAL XLsXR,»YBs»YT,»XRB»XLB»YTB,YRSC
B3 XL e X{133 XR « X[1)) YB ¢ Y[11} YT « Y[133 FOR K ¢ 2 STEP 1 UNTIL ABSC
S(NP) DO BEGIN IF X[(K) < XL THEN XL ¢ X[{KJ} IF X[K] > XR THEN XR ® XI[K13SC

IF YIK]) < YB THEN YB ¢ YIK1I3 IF YIK] > YT THEN YT ¢ YIK] END3 SCRND(XR»SC
XL»XRB,XLBR)3 XR @ XRB} XL ¢ XLB} SCRND(YT»YB,YTB»YBB)} YT ¢ YTB} YB ¢ YBSC
B3 IF NP = 0 THEN GD TO L100J QUIK3LP(LsXL>XRsYBsYT»ISYMsBCDX»RCDYsNP»X»SC
Y)} L1000t END? PRNCEDURE TDENTCADARRAY,DATE)S VALUE DATES ALPHA DATES COSC

MMENT.o0ssWILL WRITE ID FRAME DR EOJ FRAME IN BLOCK LETTERS3 ALPHA ARRAYSEC
ADARRAY[1)3 COMMENT,,...PRESET 1S INCORPORATED INTO THIS ROUTINES BEGINSC

LAREL REPET, KAPUT1sKAPUT2,SWCT1sSWCT2,SWCT35SWCT4,CARDPRO, ID»KAPUT3»BSC
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PO e e

LOP»GO13 SWITCH SWPRD 13 SWCT1»SWCT2,SWCT3»SWCTas INTEGER JsMsNsXsY,I,TESC
MP1,TEMP2,CT13 INTEGER ARRAY CTCOL,FIELDCTC114)) INTEGER ARRAY TABLE[111SC
2713 DEFINE JOBID=THISISJOBID#,Z=TOMJIMJUDEJOHNEZS DEFINE IDARRAY=B222IDARSE
RAY#, AmDRATTYA#3 ALPHA ARRAY CDAREAL1146), JOBNOT112813 WRITE4020SWITCHSS
1=03 XYZWPAGECTt=03 COMMENT,,«.TABLES FOR DRAW VECTOR IDRECORDS.} FILL TSC
ABLE[*) WITH D0CT04K40020640120, 0OCT0600040576100, OCTO700020600200» OCTOSSC
60013640120, 0CT0460040460100» 0CTO740070120130, OCTO740010600200» DCTO7SC
40010600100, OCTO740070060100, OCTO740010450130, OCTO740070050154» OCTO6SC
200201?0100,.OCTO7a0010600150p 0CT0600050576100, OBCTO740070200100» OCTO6SC
00010460100, DCT07400104%0130», 0CTO740070050154, OCT0600010576100» 0OCTO7SC
40010600200, 0OCT0600070660200, 0CTO740070200150, OCTOT40010600100» DCTOASC
60070176100>» DCTOG&OQAOGOO!AO; 0CT0600070776200, OCTO740070200100» DCTOKSC
00010460100, 0CT0740010600130» DCT0740010600130, DCTOS000704401305 DCTO7SC
40070200150, NCTO0A00010640150» DCTNT700020440160s DCT0660060440200» DCTO6SC
20030720260, DCT044004Nn260210, 0CT0640030600160, OCTO0600050440160, DCTO6SC
40050200200, OCT0600030640200» DCT0660010776200, OCT0660040576100» OCTO7SC
00020600150, 0CT0740010440100» 0OCTO740070040120, DCTOT740010440140» DCTO7SC
400700401605 0CT0600010776200» 0CT0740070200100, 0CT0600010576100» DCTO7SC
40010600200, OCT0600070776200, OCTO740010500100, 0CTO740070100140» OCTO6SC
00010776200, 0OCTO740070200100, OCYN600010576100, DCTO720010600180s OCTOTSC
40010600200, DOCTO740070200100» OCT0600010576100, OCTO740010600200» DCTO6SC
00070640200, OCT0K40070200160» DCT0600010576100» OCTO740010600140» DCTO6SC
00070576100, DCTO0700020600100» DOCT0600040576100, OCTO700020600200» DCTO7SC
00030600100» 0CT0600050576100» 0CT0O700050200200, DCT0600010640200» 0OCTO06SC
00010576100, 0CY0720060100100» 0CT0740010500140, DCTO0600010576100» OCTO7SC
40n10600200» NCTO0K00070640200» OCTN600070740160, OCTO740070200100» OCTO6SC
40040500160, 0CT0A00010776200» OCT0660010460100, OCT0660040660130» DCTO6SC
00070576100, OCT0&00010776200» OCTO740010576100, OCT0600070776200, OCTO6SC
00010776200, 0CT0760210600100: 0CcT0600070500100, OCTO740070200140» OCTO7SC
40010500140, 0CTO740070200100» 0CT0600010500100, OCTO740010600140» OCTO6SC

00070500140, 0CT0740070200200» 0CT0600010620110, OCTO740010600100» OCTOASC

00070620100, OCT0600080574100, OCT0600010576100, 0CTO740010600200» DCTO6SC

00070776200, 0CTO0740070200100, 0CT0700020600140, DOCTO0660010576100» OCTOSSC
60040776200, NCT0620010576100, DCT0640020660200, 0CT0640040460150» DCTOSSC
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20060776200, OCTO740010576100, DCTO740010776200, OCTO740010600100s DCYO7SC

40010600200, OCT0660010460100, OCT0660070060100, DCT0600040520130» OCTO7SC

40010600100, OCTOT40070176100, OCTO740010600200, DCTO7000206001403 IF DASC

TF # "999999% THEN GO TO ID ELSE RESETV3 FILL JOBID[#] WITH ®wgn,mNm,®pw, gC

L] N,ﬂJﬂ’”D”,"B"’" L3

COMMENT DELETE THE FOLLOWING FEW WHEN FILL IS DK3 JSC
OBIDL9):=IDARRAY[11.01226)} JORIDI{0]s=IDARRAY[11,018363} JOBIND[11]s=IDASC
RRAY[11,024:6)3 JDRID[12]1=TDARRAYI1],[3026)3 JOBID[133¢=IDARRAY[11,03615C

613 JOBIDC14):=IDARRAY(11,04236)} JDBIDI15]12=IDARRAY([2),[12163)3 JDBID[165C

1:=1DARRAY[?2).[18:613 X 3= 03 Y 3= 1283 FOR 1 1= 1 STEP 1 UNTIL 16 DO RFSC

GIN IF JOBIDLIJ = ™ ™ THEN GO TO KAPUT3 ELSE TEMP1 := B5CODE(JOBIDITI)} SC

FOR CTY1 1= 0 STEP t UNTIL (TEMP1,[3913] = 1) DO BEGIN TEMP2 3= TABLELTEMSE

P1.03019) + CT1] + X ¢ Y3 PLOTP(O,TEMP2)3 PLOTP(O,TEMP2) END} KAPUT3! X,SC

[2n:10) 1= Xx,020:10) + 64 END3 FOR I t= 1 STEP | UNTIL 5 DO RESETV3 COMMSC

ENT eaaae I NSFRT TESTLOP0SWNTITCH HERE #hdhakddkhaddhhrddbbdddhrrrndarsrd | 0CSC

K(FT4020,SAVE)S GN TN BLOP3I IDs FILL JNBNO[+] WITH "J%™,"0Q%,"B"," ","N","SC

U"’"."’"D";"A"p"T"p"E", nsn,nEn,"Nw’nDn,n "’"T";"O"’"P“n"R":"U";"G"o”R";SC

MAM MR, M, RER, RS FILL JOBIDI*] WITH "Jm, "0, "B ," ",nNm,nQn," n,n ng(

3 FOR T1=1 STEP 1 UNTIL 7 DO IDARRAY[IY 1= ADARRAY[I)3 Z 8= 13 SETSCALE(SC

0,0,0)3 FILL FIELDCTU{#*] WITH B,486,23,383 FILL aAl*) WITH OCT0062400, OCTOSC

001301, 0CT00N8402, 0CTO010403» 0CT00143068s 0CTO017405, DCT0023406, DCTNSC

027307, 0OCT0165410, 0CT0032411, OCTO000012» DCTO0000055, 0CTO000037, OCTOSC

000015, OCTOONO0165,0CTON00N017, OCTND000020» 0CT0052321» 0CTNOS555222 NCTNOSC

62323,
05331>»
00077
31345,
000545
00N61»
65267

00013>»

0CT0086324,
0C70046433,
pCcT0000052,
0CT0152546,
0CT0036440,
0CT0141562,
0CT0171370,

0CtT00000786,

tz DATES? J = 13 N

N BEGIN N =

0CT0071425,
0CT0N000035»
0cT0110484a1,
0CTN134447,
0CT0000034»
BCTN1464863>
0CTO178471
g0cr00000143

t= 03 FOR 1

43 GO TO GN1 ENDS

DCTO07§1326»
0CTN00007S>
0CT0114342,
0CT0117650,
0CT0000056»
0CT0152364>»

0CT0042473>»

0CT0075527»

pcTo000074,
0CcT0117343,»
DCT0130551;
0cT0000057»
0CT0157265»

06cT0000032»

0CT0102330>»
0CT0000036»
pDCT012%5444»
0cT0000053,
DCTO0000K0>»
0CT0161466»

0cT0000072»

0CcT01S8C
0cvoo0SsC
acTo1SC
0CcT00SC
0CTnOSC
ocro1sc

ocTONnSC

FILL CTCOLL*) WITH 1,39,9,243 JDARRAY[8] SC

t= 1 STEP 1 UNTIL 8 DO BEGIN IF I = 7 THESC

CDAREATJ]

t2 IDARRAYUI1.[1216)3 CDAREATJ+SE

1) t= IDARRAYI[I}, 0181613 IF I = 8 THEN BEGIN J t= J + 15 CDAREA[J+1) 1= S¢
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nen ENDJ CDAREALJ+2]) t= IDARRAY[I).[241613 CDAREA[J+3] t=IDARRAY[IJ.(30:S¢
613 IF I = B THEN BEGIN J t= J + 1} CDAREA[J+3) t= "=" ENDS GO1:s CDAREATSC
J=N+81 1= IDARRAY[I],[362A13 CDAREALJ=N+5] 3= IDARRAY[I1,142346)3 IF I = SC
T THEN J 1= J ¢ 2 ELSE J t= J 4+ 63 N 1= 0 ENDS FOR T 1= 9 STEP 1 UNTIL 1SC
6 N0 JOBIDII) t= CDAREA[I=R13 J t=M = {3 N 1= 63 RESETV}? Y 1= 643 GRAPSC
HCTPERPAGE := 13 REPETt: X3=03 FOR I t1=M STEP 1 UNTIL (N&MY DO BEGIN IF ,SC
ORNMACT] = ™ ¥ THEN GN TO KAPUT1 ELSE TEMP1 $= BSCODE(JOBNO[fIJ)3 FOR CT1 SC
t=0 STEP 1 UNTIL (TEMP1,[3913] = 1) DD BEGIN TEMP2:= TABLE[TEMP1,[30:9) SC
+ CT1Y + X + Y3 PLOTP(O»TEMP2)} PLOTP(O,TEMP2)3 END3 KAPUT1t X,[20110)3=SC
X, [20:10) + 64 END3} GN TO SWPROCJIS? SWCT13: X,.[20:10) t= X,020210]1 + 643SC

N t= 33 M 1= R} 60 TN CARNPRO} SWCT2: X,[20:10] = X,[20310] + 1283 N 3SC

= A3 M = 1?23 GO TO CARDPRO3 SWCT3: X.[20210) 2= 643 Y 1= Y + 1285 N 1= SC
93 M = 193 GO TO CARDPRO} SWCT4t X,(20810]1 = 643 Y t= Y + 1285 CARDPRNSC
$ FDR I t= CTCOLLJ) STEP 1 UNTIL FIELDCTLJ] DO REGIN IF CDAREALI) = "™ = SC
THEN 60 TO KAPUT2 ELSE TEMP1 := BSCODECCDAREA{I})S FOR CTY t= 0 STEP § USC
NTTL C(TEMPL,[39131 = 1) DO REGIN TEMP2:=z TARLELTEMP1,030t9) + CT1] + X +S¢C
Yi PLOTP(O,TEMP2) END3 KAPUT2: X,[20:103¢= X,[20110) + 64 END3 Yi= Y 4+ SC
1283 Ji= J +13 IF J# S THEN GO TO REPET ELSE RESETVS BLOP: ENDS PROCEDURSC
£ ENDJORS COMMENT,,,,,NUMMY WTLL CALL IDENT TO WRITE END OF Jn8 FRAME} BSC
EGIN JDENT(R222IDARRAY,"999093") END3 COMMENT LAST CARD OF SC4020 ROUTINSC

ES 1S SC 89903 : S€

COMMENT FOLLOWING ARE THE DECLARATIONS FOR THE PROGRAM 3

REAL SUM6TX,»SUMATY»SUMAXT1sSUMEYT1,SUMSDXT1,SUMEDYTT »SUM3IX1»SUMIYL
HTI»SUMADX1»SUMADY1» THTIY1SQsFVALXTSFVALYT»DFVALXT,DFVALYT,
SUM3X» SUMIYsNTILINTIML, SUMEX,SUMABY,YSQs SUMSFT,SUMSGT,TIMIDTIM2,
YOSQ» UNUNs VNIIN, XNUNP 1, YNUNP1,,EPST1sEPS2, TMAXsDYHOLD»0DJsJ15RMIN,
RMAX» SMIN, SMAXsDXASDYA, TTEST,PER»DIR» TSTARTH XSTART,YSTARTHNDXSTART,
DYSTARTsHSTART s MU, MUPM,C1,C2,EPSMpMI»M2, M3, M4, M5, M6, MT,M8,D1,D2,
TERM» TERM1» TFRM2 TERM3, TERMA, X0»sDX0sY0sDY0sXTsYTsDXTsDYTsDTsX5Y>»
NDXsDY»DEN1»DFN2sF»GoFTsGTsHs TXsTYSEPSPEPSXsEPSYS,ERRXSERRY» XTL» YT,
NXT1sDYT1sX1,Y1sDX1sNY1»T,RsSsdJ 3

INTEGFR I»NMI,NMIMI,DIR1,NIR2,LMLsNP,CC,MsMP{,MP2,MP3,MPa,MPS,N,NPY,

NM1,LAMDA,DUUM, SAME
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011
012

013

502
503
504
505
506
507
508
509
510
511

512

513
514
515
516
517
518
519
520
521

522



BONLEAN ITERsPRITR,PLT,DUR 3
ALPHA DATE ;
LAREL PRTEST,PRNT,SWAP,HALVE,QUIT,INTERP,STEST,EQF,AHEAD,TEST,ITERATE,
START,TSTEP,LOOP 3
ALPHA ARRAY FRAMEIDLO!R)»ARSCISSA,NRDINATE[O:12) 3
REAL ARRAY PLDTX,PLOTYLO3400),ALFI084),FCON[O24,0t4),DFCONLOL,024],
CLOt4),CPMINtA),CHAT{O43,XNULOS15),YNUTOT15),RNUCOL15],
SNULO2151,UNUED15),VNUTOD315),K[024),L0034),CDIFL024),
S160215) 3
FILE DUT PRINT 1(3,15) 3
FILE IN PCARD(1,10) 3
FORMAT IN PFMT(E18,11 / SEY15.8 / E15,8 / 3E15.8 / F£15,8 / 13

/7 E15.8,212 / 4€18.11 / 3L5) 3

FARMAT CUT LEMT(X3," T = "»E17410s" X = "sE§17,10," Y = ",E17,10»

n
"

" X0 "sE17,10," YD YeE17.10//X35"DT = "sE17.10,
"oJ = "eE1T7,10," DU = "L,E17,10," RE = “,E17.10,

" RM

"E17.10//7)3
FORMAT IN AFMT(AR / BAG) 3
LIST PLINECT»X1,Y15DX15DY1,5H»JsDJsR»S)3
LIST PLINELI(T,»XOsY0s»DX0sDYOsHs»JsDJ»R»S8)3
LIST PLIST(MUSRMAX,RMIN, SMAX» SMINSTMAX, TSTARTSEPS,EPS1,EPS2,HSTART,
MsPER,NIRTI,NDIR2,XSTART»YSTARTSOXSTART,NYSTARTHITER,PRITR,
PLT) 3
LIST ALIST(DATE,FOR DUUM ¢ 1 STEP { UNTIL 8 DD FRAMEID[DUUM]) 3

COMMENT FOLLOWING IS THE MAIN RODY OF THE PROGRAM 3

FILL ABRSCISSAL#*] WITH =X ", " ", " ", " ",
" ", ” ”' L} " ” "'
" ", n ", ® i n, w» "y
FILL DRDINATEl#) WITH wY ", " ", " ", " )
" w, ® n, w ", = ",
" w, n ", n w, » "y

START: READ(PCARDSPFMT,PLISTILEDF]) 3
IF PLT THEN

READC(PCARD,AFMT,ALISTILEQF) 3
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IF ITER THEN 048

REGIN 049
TTEST ¢ (0,4)xPER 3} 050
SAME ¢ DIRY 051

END 052

ELSE 053

BEGIN 054
TTEST ¢ (0,9)XPFR 3 055
SAME € DIR? 3 056

END 3 0s7

DXA ¢« 0,00005 } 058

DYA ¢ DYSTART + 0,00005 3 059

NP ¢ t 3 060

CC ¢ t 3 061

WRITE(PRINTIPAGE]) 3 062

MP1 ¢ M 4+ 1 3 063

MP2 € M 4+ 2 3 064

MP3 ¢ M 4 3 3 065

MP4 ¢ M & 4 3 066

MPS ¢ M 4 5 3 067

MUPM ¢ 1 = MU 3 068

Cl & 2xMit 3 069

C2 & 2XMUPM 3 070

EPSM ¢ (N.5)*MP5 } 071

M1 ¢ MP2/MPg 3 072

M2 ¢ MiwMPl 3} 073

M3 & MPY4/MP2 3 07a

M4 o M3IxMPy 3 075

M5 ¢ MP2/MP5 3 076

M6 ¢ MS«uP{ 3 orz

M7 & MPS5«2 3 ors

M8 ¢ MP2xMP3 3 07§

ALFI1) o 1 3 080

33



ALFI21 ¢ M1
ALFT3) ¢« 1 3
ALFT4) ¢ M5
FCONT1,11 ¢

FCONT2,1)

*

'

FCONT2,21

*

FCONI3,11

FCONT3,2)

'S

*

FCOND3,3)

H

’

(

0

0
0
0

(

2xM2)/(MP4=2)
3
H
3
3

(1.5)YxMBI/MT7 3

NFCONC1,1] @ M2/MPg 3

DFCON[2,1] e
DFCONE2,2] e
DFCON[3,11 @
DFCONE3,2]) «
DFCANI353) o
Cl11 ¢ 0 3

Cl2) ¢ Mau/m8
Cl3) ¢« O 3

CPMI1Y « O 3

“(1/MP2) 3

(2xXMA)Y/MP2 3

((0.5)xXME)/MP5 }

((0.25)%(5%M + 18)x((MPL&/MP5)«MP1))/M7 3

((=0,75)xXMP2xM6) /M7 }

CPMI2] ¢ ((0,S)xMPaxM4)/MR ;

CPME3] ¢ (0.5)/MP3 3

CHATI1] « O

CHATI?) « O

H

CHATI3) e (0.333333333333)/(MP3xMP4) 3

CHATIE) e ((0,6665666666T)IXMPSX((MPS/MP2)#*MP1))/(MBXMPY)

ITERATESX0 ¢ XSTART

YO ¢ YSTART

3

H

DX0 ¢ DXSTART 3

DYO ¢ DYSTART 3

H ¢ HSTART 3
T ¢« TSTART 3
DUB e TRUE 3

R ¢ X0 + MU

3

S ¢ X0 = MUPM 3
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J ¢0,0 3
J1 ¢ 0,0 3
DJ 1-0.0 H

IF ITER THEN GO TO PRTEST 3}

IF PLT THEN

BEGIN

PLOTXINP]) ¢ XO0 3
PLOTYINP) ¢ YO 3
NP ¢« NP + 1t
END 3
GO TO PRNT 3
PRTFSTS$IF PRITR THEN
PRNT:REGIN
IF CC = 11 THEN
BFGIN
CC ¢« 1 3
WRITE(PRINTIPAGE])
ExD 3
WRITE(PRINT,LFMT»PLINEY)
END 3
TSTEP: XNULO) ¢ X0 3
XNUL1) o DXO
YNULO) ¢ YO 3
YNUL1) ¢ DYO 3
YOSQ e YO#2 3
RNULO) ¢ SQRTC(X0 + MUlI*2 + YOSQ) 3
SNULO) ¢ SQRT((X0 = MUPM)#2 + YO0SQ) 3

UNULO] ¢ MUPM / (RNULO]*3)

VNULN] e MU / (SNULOI#*3) 3
FOR N « 1 STEP 1 UNTIL MP2 DO

BEGIN

NPt ¢ N ¢« 1 3

NML ¢ N = 1 3
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Dt ¢ 2xN 3 148

D2 ¢ NxNP{ 3 149
TERM ¢ 0 3 150
FOR I « 0 STEP 1 UNTIL N DO 151
BEGIN 152
NMI ¢« N =1 3 153
TERM ¢ TERM 4 ¢XNU[I)x XNUINMIJ) + CYNULIIxYNYLNMIY) 3 154
END 3 155
TERML « 0 3 156
TERM2 ¢ 0 3 157
TERM3 « 0 3 158
TERMG ¢ O 3 159
IF N # 1 THEN 160
REGIN 161
FOR T « 1t STEP 1§ UNTIL NM1 DO 162
REGIM 163
NMT € N = T 3 164
TERM1 ¢ TERM1 + (RNUITIJIXRNUCNMIY) 3 165
TERMZ2 ¢ TERM? + (SNULTIXSNUINMI)) 3 166
TERM3 ¢ TERM3 + (IxUNU[TIxXRNULNMIY) 3 167
TERM4 « TERMS + (IXVUNUITIxSNULNMIY) 3 168

END 3 169
END 3 170
RNULNT € C(TERM + CIxXNUIN) = TERM1)/(2xRNULO]) 3 171
SNUIN] ¢ (TERM = C2xXNUCN] = TERM2)/(2xSNULO]) 3 172
UNUN ¢ 0 3} 173
VNUN ¢ 0 3 174
FOR I ¢ 1 STEP 1 UNTIL N DO 175
BEGIN ' 176
NMI ¢ N = T 3 177
UNUN ¢ UNUN ¢+ (IXRNUTTIXUNUINMIY) 3 178
VNUN € VNUN + (IxSNULTIXVNUENMI)) 3 179
END 3 180

36



UNUtN] ¢ (((=3)xUNUN) = TERM3) / (NXRNU[O0])
VNUIN] ¢ (((=3)XVNUN) = TERMA) / (NXSNUCOJI) 3
IF N = MP2 THEN GO TO L0OOP 3

FOR I ¢ 0 STEP 1 UNTIL NM1 DO

SIGLIY ¢ UNUCTI + VNULTIY 3

XNUNPie O 3

YNUNP1 ¢ O

FOR I ¢« O STEP 1 UNTIL NM1 DO

REGIN
NMI{M]I o NM1 = T }
XNUNPL ¢ XNUNPY 4 (SIGLTIXXNUINM{MII) 3
YNUNPL ¢ YNUNP1 + C(SIGETIXYNUINMIMIT) 3
END 3
XNULNP1] & (XNUINMLIY + (DIXYNUIN]) = (MUXUNUINML])
4+ (MUPMxVNUINM1]) = XNUNP1) / D2 3
YNUINP1] ¢ (YNUINM1] = (D1xXNUIN]) = YNUNP1) / 02
END 3
LODP: FOR LAMDA e 1 STEP 1 UNTIL &4 DO

BEGIN

LML ¢ LAMDA = { 3

FVALXT ¢ 0 3

FVALYT ¢ 0 3

FOR I « I STEP 1 UNTIL LMi DO

BEGIN
FVALXT & FVALXT + (FCONILM1,I1xK(I]1) 3}
FVALYT ¢ FVALYT + (FCONILMI1,IIxLIII) 3

END 3

XT & X0 + (HXFVALXT) 3

YT € YO + (HxFVALYT) }

DFVALXT

o 3

DFVALYT ¢ 0 J

FOR I ¢ 1 STEP 1 UNTIL LMi DO
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REGIN

DFVALXT ¢ DFVALXT 4 (DFCON[LM1,I1xK[T]) }
DFVALYT ¢ DFVALYT + (DFCON{LM1,7]IxLLY]) 3

END 3
DXT ¢ HXDFVALXT 3
DYT ¢ HXDFVALYT J
DT ¢ ALFLLAMDAIxXH 3
SUM3X ¢ O 3
SUM3Y « 0 3
FOR I ¢ 1 STEP 1 UNTIL MP2 DO
BEGIN
DTI ¢« DT+ 3
SUM3X e SUM3X + CXNU[IIXDTI) }
SUM3Y « SUM3Y + CYNULTIXDTI) 3
END 3
X ¢ XT + SUM3X 3
Y € YT + SUM3Y 3
SUMEX ¢ 0 3
SUMAY ¢ O
FOR I ¢ 1 STEP 1 UNTIL P2 DO
BEGIN
IDTIML ¢ IXCDT#CI = 1)) 3
SUMEX « SUMAX + C(IDTIMIXXNULI1) 3
SUMGY « SUMBY ¢ CIDTIMIXYNULI)) 3
END 3
DX ¢ DXT + SUMaX J
DY ¢ DYT + SuUMay 3
YSQ ¢ Y @ 2 3
DENT ¢ ((X+MUD#2 4 YSQ)*1,5 }
DEN2 & ((X=MUPM)®2 ¢+ YSQ)*1,5 }
F e X & (2%DY) = (CMUPMXCX + MU))/DENT)

=((MUX(X = MUPM))/DEN?) 3

G ¢ Y = (2xDX) = (Yx((MUPM/DEN1) + (MU/DEN2))) 3

SUMSFT ¢ 0 3
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HALVE?

SUMSGT ¢ 0 3

FOR I ¢ 2 STEP 1t UNTIL MP2 DD

BEGIN

TIMINDTIM2 @ Ix(1

SUMSFT e SUMSFT + (TIMIDTIM2XXNU([I]) 3

SUMSGT e SUMSGT + (IIMIDTIM2XYMUITI}) 3

END 3

FT @ F = SUMSFT 3

GT ¢« G = SUM5GT 3

K[LAMDA) € FTxH 3

LILAMDA) ¢ GTxH3

END 3

1)x{DT+(I

FOR T ¢ 1 STEP 1 UNTIL &4 nn

COIFITI] e C[I) = CHAT(I]

SUMATX « 0 3

SUMSTY ¢ 0 3

FOR I e 1 STEP 1 UNTIL 4 nD

REGIN

= 2)) 3

SUMSTX ¢ SUMETX + (CDIFIIIXK[I1) 3

SUMGTY e SUMETY + (CDIFIIIxLLI1)

END 3

TX ¢ ABS(HXSUM6TX) 3

TY « ABS(HxXSUMETY) 3

EPSX « ARS(XOXEPS) 3

EPSY « ABS(YOXEPS) 3}

IF EPSX = 0 THEN
ERRX ¢ TX/EPSX 3
IF EPSY = 0 THEN
ERRY e TY/EPSY 3
IF (ERRX > 1) OR
BEGIN

He (0.5)xH 3

GO TO LOOP

ERRX ¢ EPS ELSE

ERRY ¢ EPS ELSE

(ERRY > 1) THEN
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END 3

SUMEXTY1 « 0 3

SUMEYT! ¢ 0 3

FOR I ¢ 1 STEP 1 UNTIL 3 nO

BEGINM

SUM6EXT1 € SUMEXT1 + (CTIIxKPI1) 3

SUMEYT1 € SUMEYTY + (CrIlxLCTI]) 3

END 3

XT1 ¢ X0 + (HXSUM6XT1) 3

YT1 € YO + (HxSUMAYT1) 3

SUMANXTL ¢ 0 3

SUMBNYTY ¢ 0 3

FOR I e t STEP 1 UNTIL 3 0O

BEGIN

SUMEDXT1 « SUMEDXTT + (CPMITIxKIII) 3

SUMEDYT1 € SUMGDYTT + (CPMITIxLIT])

END 3

DXTY e SUM6DXT1 3

"DYT1 ¢ SUM6DYTY 3

SUM3X1 e 0 3
SUM3YL & 0 3
FOR T ¢ 1 STEP 1
BEGIN

HTI o Hel 3

SUM3IX1 ¢ SUM3Xt

SUM3Y1 ¢ SUM3Y1
END 3
X1 & XT1 + SUM3IXy
Y1 ¢ YT1 + SiyM3vy
SUMADX! ¢ 0 3

SUM4DYL ¢ 0

+

+

UNTIL MP2 DO

(XNULTIXHTTI) 3

(YNULTIXHTI) 3}

FOR I ¢ 1 STEP 1 UNTIL MP? DD

REGIN

280

281
282
283
28a
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303

304

305
306
307
308
309
310
311
312



IHTT ¢ Ix(H*(I = 1)) 3 . 313

SUMADX1 ¢ SUMABDXY ¢ (XNUTTIIxXIHTI) 3 314
SUM4DY1 ¢ SUMADYI + (YNULTIIxIHTI) 3 315
END 3 316
NDX1 € DXT1 + SUMaDX1 3 317
DY1 ¢ DYTt + SUMaDY1 3 318
T e T + 4} 319
Y1ISQ ¢ Yi#2 3 320
R ¢ SQRT((X1+MUI*2 + Y1S5Q) 3 321
S ¢ SQRT((X1~MUPM)I*«2 + Y15Q) 3 322
J € (0,5)x(NX1*2 4 DY1%2 = X1#2 = Y(*2) =MUPM/R = MU/$ 3 323
DJ ¢ ABS(J = J1) 3 324
J1 ¢ J 3 325
TEST: IF T < TTEST THEN GO TO SwWAP 3 326
DUR « FALSE 3 327
IF STGN(Y1) = SAME THEN GO TD SWAP 3 328
IF ARS(Y1) > FPS1 THEN : 329
REGIN 330
TeT = H 3 331
G0 7O HALVE 332
END 3 333
1F NOT TTER THEN GN TN QUIT 3 334
IF ARS(DX1) < EPS2 THFN 335
REGIN 336
ITER ¢ FALSE 3 337
TTEST « (0,9)xPER 3 338
SAME e SIGN(DIR2) 3 339
WRITE(PRINTYIPAGEY) 3 340
CC ¢ 1 3 341
GO TN ITERATE 342
END 3 343
INTERPIDYHOLD o ((DYAXDX1)=(DXAXDYSTARY)) / (DX1=DXA) 3} 348
DXA e DX3 3 345

k1



SwAP:

DT T:

DYA ¢ DYSTART 3

DYSTART ¢ DYHOLD

GO TN ITFRATE

X0 € X1
Y0 ¢ Y1
DX0 ¢ DX

DYD ¢ DY

IF ITER THEN A0 TN STFST

IF on =1
REGIN
CC « 1

WRITF(PRINTIPAGF )

END 3

WRITE(PRINT,LFMT,PLINF1)

.
’

.
’

1

1

1

.
»

’

THEN

1F PLT THEN

REGIN

PLOTX[NP])

PLOTY[NP] e

NP & NP 4+ 1

Fyd 3

IF (R<RMTIN)

GU TN START 3

.
’

Yo

IF NOT NIR THEN

IF (ERRX < EPSM) AND (ERRY < EPSM) THEN H ¢ 2xH

GO TN TSTYEP 3

IF €C =

WRITE(PRINT,LFMT,P2 INE) 3

11 THEN WRTITECPRINTIPAGE])

IF PLT THEN

BEGIN

PLATXINP] & X1

PLNTYIND]) ¢ Y1

INFNT(FRAMETID,NATE) 3

QUIK3IV(=1,26,ARSCISSASNRNINATESNP,PLOTX,PLOTY) 3

ENDJOR

.
’

€« X0 3

H

63 TO TSTFP 3

3

3

42

R (R>RMAX) DR (S<SMIN)Y JR(S>SMAX) OR (T>TMAX) THEN

346
347
348
349
350
351
352
353
354
355
356
357
358

359

360

361

363
364
365

366

368
369
370
371
372
373
374
375
376
377
378

379



END 380

611 TN START 3 3ay
ENF:  CLOSF(PCARDSRFLFASF) 3 382
Faay IR3

QIINTNAANNI2N0D00DNANOPLARINNINNNDNN0Y NEPCANKD

PR

1A= 0NNNNNADIAOARLARDNNIN0NNN0Y

4+, 1212K5R/2T7ASS=N1

+0,3000000024014N, 165743013010, 3I00000N00401+N,4521204/78=024+0,700000008+01

0,0 000NR4NN

+0 L 1NTA0NNNR=NA4D , 10NNNNNNA=0RL0, 1NNONOOND=NY

+0,12500000&8400

+02

40, A28NONNNSLNT =1 41

N 128N ONNNANNZEN 40, NNONNNANDNNNBLNANLN, O0O0NOND0N024:N0=0,104300N000NN0D 4N 1
TE TwlfE TRUE

NeY1 A/

TFRT . Fo FEALKERAGL,P, REFD

G331

L3
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IMPROVED INITIAL CONDITIONS

The following is a listing of successive sets of initial conditions as
obtained through the optional iterative interpolation procedure and based on

example input values.

bl



or

oT

DT

0T

or

oY

0,000M000000#+00
1.25000000008=0¢

0,00000000008400

1,2500000n008=01

N,0000000n0009400

1.25000000008=01

0,00n00000008400

1.25000000008=01

N,000n0000N08400

1.,25000000008 =0y

ALOANADONNN0R40D

1.25000000008=01

1.20000000008400
0,00000000008400

1,20000000008400
0,00000000008400

1,20000000008400

0,000n0000008400

1.20000000008400

0.00000000008+00

1.200000000084+00

0,00000000008400

1,20000000008400

0,.000nH00N0N®4LDHD

bJ

DJ

bJ

DJ

DJd

bJ

0.00000000008400
0.,00000000008400

0,00000000008400
0,00000000008+00

0,00000000008¢00
0,00000000008400

0,00000000008400
0.00000000008400

0.00000000008400

0,00000000008+00

0,00000000008+00

0.00000000002+00

k5

X0
RE

XD
RE

XD
RE

RE

XD
RE

f

0,00000000000400
1.21212856280400

0,00000000008400
1,212128%62680400

0,00000000000+00
1,212128%6280400

0,0000000000P400

1.212128%56288400

n,00000000000+00

1.,21212856288400

0,00000000008400

1,2121285628P400

Y0
RM

YD
RM

Yo
RM

YD
RM

Yo

RM

Yo

RM

«1,04900000000400
2,12128%62786=01

=1,04895672410400
2,12128%62788-01

=1,08928511028400
2,12128562788=01

-1,049357060184+00

2,12128562788=01

«1,03938583640400

2.12128%62788=01

-1,084934543008400

2.1212856278@=01



LE >

Based on the improved initial conditions, the following listing describes a

complete orbit.

EXAMPLE ORBIT

The notation is as follows:

T is the time,

X and Y are the position coordinates,

XD and YD are velocity components,

DT is the step size,

J is the Jacobi constant,

DJ is the difference between successive Jacobi constants,
RE is the distance to the Earth's center, and

RM is the distance to the Moon's center.

L6



«*

nr

DY

0T

or

b

nT

nY

hAs

nr

nT

DT

nr

2T

nT

-

0.00000000008400
1.725000000008=01

1.25000000002=01

1,25000000008=01

2.50000000000=01

1.25000000008=01

3,75000000008=01

1.25000000008-01

€.25000000008=-01

?.50000000008=01

R,75000000008=01

2.5000000000&=01

1,12500000008400

2.50000000008=01

1,257N0000008400

1.2500000NN0NG=n]

1,31780007009400

£ PRDN00NNN0 =02

1.37590009NN2 400

£, 250M00NN005=02

1, 40RPRO0NANE400

3,1250000300==02

1.421°750900%400

1,56250000002=02

1.437500070N03400

1.56923000000%=07

1,4453125000%400

7.9125000000%03

t,ul921R75002400

3,90A25000008«03

1.4531250000%400

1,90435000009=03

1,557 03125004%460

1,20000000000400
0,00000000008400

1.,18582307978400

=1.04140169848400

1.14513226968400

=1.,081601576684+00

1.,08139001298+00

=1.0414015R508+00

8.98670591598=01

=1.0416n16023@+00

6.67890670128=01

=1,08160156248+00

4,723857485358=01

=1.04140129378400

3,06255416608=01

=1.0414n143228400

2.4733R351008=01

=1.041401451584+00

1.B49N03950468=0%

“1.N4140323478+00

1.46739034718=n1

=1, N41AN3A33Ra+N0

1.229212058278=01

=1.04160365778400

9.168R0455738=n2

«1,D41608R&S5RBLON

7.n2n939228n@=02

~1,0414088R06R+N0

5,6620205925@=07

-1.,0814N4A7R084NN

3,99125987318=17

-1.,0814n883%684n0

1.85379901218=12

oJ

DJ

8J

BJ

bJ

oJ

DJ

DJ

nJ

DJ

ng

oJ

0J

D}

DJ

o

b e s

0.00000000008400
0,00000000008400

«1,29740060688=01
1.04160169840400

*2,51742817258=0¢

1.17870513358=07

=~3,60394342020-01
9.3277T76614809

«5,200023434198=01

1,63R58565278=08

-8, 75877232738~01

3,96394170858=08

=4.91712198458=01

?.6R904841518«07

=3,79542725318=0

1.38519681060=07

=2.9R0897901A88=01

1.92958395938=08

~1.90893313638~04

1.7831A258830«06

~1.22135334388-0y

3,99115378972=07

“B,17137Ra177@=02

2,38505890508~08

~3,54224R94778=02

1,20R17276198=06

=9,5632801304@n3

1.,47410901268=08

3.,92064419668=03

1.717125994698=09

1.7766099425@02

3,97319434568=08

7.80882314328=02

b7

XD
RE

XD
RE

]

RE

xn
RE

XD

RE

xn

RE

XD

RE

D

RE

xn

RE

XD

X0

RE

XD

xn

RE

0,00000000008400
1,21212856200400

=2,23859022878=01
1,20895668858400

*4,22392311668=01

1,184325%8030400

«$,92939017808~01

1.15137611458400

~8.5892639A918=01

1,0887886048484+400

=9.73567011178=01

8,90842411728~01

«9,57598885278«01

6,57164123628=01

=9.,2865615n948=0¢

4,95399B87758@=01

=9,50317630338=01

3,95525371208~01

~1.10587523138+00

2.74338834738~01

-1,38306474088400

2.003895n420a=01

“1.70052610138+400

1,57849143698=0

-?2.80525249348400

1.09484244R88=01

«3,1763149R228400

A,28914671948=02

«3,823550312384+00

6,386047231148=07

=4,79875434228400

5,88306545648~02

=-5,21038291138400

Yo
RM

Yo
RM

YD
RM

Yo

R

YD

L]

YD

RM™

Yo

RM

YD

RM

Yo

YD

R™

Yo

RM

n

RM

Yo

RM

YD

RM

Yn

RM

Yn

RM

¥o

*1,04934543400400
2,1212685%562780=01

=1,01580578270400
P.3867T98176A0=01

=9,.29004185a48=01

2.96825563980-n¢

-8,03518501048=01
3,72330237498n1

=8,51599244n70=0ny

5,27597600870=n1

2.987003071a8-n2

6,58454805N568=01

6,78324266238=01

7.4B2597604T@=01

1.,14521191262+400

7.801562213778=01

1.,27973515138+400

7,978135A083@8=n1

1,99892162018+00

B8,25347291388~01¢

?.4343359500@400

8,4995338407a-01

2,75524298<3@+00

R, AB79BE42588 =01

3.19055185478+00

R,968322T2728=01

3,41973171430400

9.,17711R74908=ny

3.46677025878400

9,31259484398=01

3,30904337538400

9,88116067628=01

2,4929528R7084+00




0T

oY

or

0T

nY

[

nT

nT

T

nr

bAJ

0T

nT

3,90628000000=03

1.45R98637508400

1,9%312500008=03

1,86093750008400

1.,95312500008=03

1.,886780062500400

1.95312500n08=03

1,468R4375008400

1.,95312500000=03

1,866796R7R02400

1.95312500n08=03

1.46R8750009003400

1,95312509008-03

1,87745625009,00

3,9042500AN0%=03

1 ATASA2800048,00

2,90425000004=03

1 4R R&RTAN) 400

1.0ns7<nﬂﬂﬂﬁ~-n3

t L URADRLISNN<LN

?,=1230000NNw=0]

1.,u4841937870%400

7,91250N009094=03

1.5039N428AN5 400

?.R128000°AN=N3

1,51583125n0+4+00

1.SR828000N Nsa(D

1.53515625005,00

1,.5828000N0N<2=0p

1,56480828N05,00

3,12870NNNNNs=ND

1 ROTE56250)4400

12800000005 =02

=1.041AN485728400

5,66720293098=03

=1.04160886158400

=B8,40709R84718=03

*1,04140382470+00

=2.77811694008=02

“1.,0814n24859408400

-3,42901313928=02

“1,041AN8B5778400

~q,R2331489248=02

=1,0414048557284+00

-5 ,R5254914348<05

~1,041404885528400

=7.5083R7510k&=07

~1,N81AN89N0K8400

-8 7TAQ81994a38~0)

-1.04140491508400

-9,82852911548=02

-1.0814N4891408,400

“1,18623R3RI18=01

=1,0414N49724R8,00

=1.27407582058=01

=1.0414N891818400

=1,38074225aR3=01

-1,Na14029173%8400

-1.5572372577@=n]

=1.041&4N8757:8400

=1,705A4K9777R=n]

=1.04140475158400

=1.94442R52018=Ny

=1.04140305409400

=2,202310N75308=n1

=1 ,NE14NANAIRALND

DJ

nJ

bJ

04

nJ

DJ

od

nJ

Dd

nJd

nJ

DJ

nJ

oJ

nJ

1,75350578500=08

3,29730606610=02

4,30736690768=09

3,47035348570=02

3.67%813784670<08

3.3490223R4058=02

3,47063178208=08

2.,94925001398=02

1.,74622982748=09

2.35381376818=02

2.87387558888=09

1.64R40659248-02

0,0000N000008400

1,2022R255128<03

4,53R742359708=08

-1.,81525139748=02

1.8435499307@8=04

-2,RA9R84543918=02

9.74973320318=10

~5,67216818368=02

A, 774R04RB278=09

=R, 211994877528=02

6, 679329089R8=N0Q

~1,08584447448=01

R,18907252798=10

=1.85n15633858=n1

1.59R234R2958=07

-1,85R49963778=01

5,9226292979@=09

=2.51716310338=01

£,95523320268=~07

-3,N8125210588=01

1.,35623849038=08

L8

XD
RE

XD
RE

XD
RE

Xn
RE

XD

RE

xn

RE

xD

RE

XD

RE

xn

RE

X0

RE

X9

RE

Xn

RE

4,21715253728=02

“5,94781018008400

3,74691657868=072

“7.384033642180400

3,49026011650=02

=7.,22746521540400
3,514855269920-07

-5,5451710A678400
3,81259617988=02

-5,68076472370400

8,30975230048=07

-4,87925334238+400

4,92383793128=07

~3,68712373619400

6,29667915288=02

=2,92727432998,400

T.70753162098=02

-2,82513625870400

3,090148757a8=02

~1,821178974984+0n0

1.171836327A8=04

-1,88016293078400

1,415377211%58=01

=1,265614612578400

1.,64352597218=01

=1,021336513508400

2.,062736A1848=01

-A,0384277809304

2.44231835738-0

=7 ,R1661074888=0

3,11983325468=01

-7.,4833589a0N08=0

3.71816332248~0¢

R

Y0

YD

RM

Y0

Yo

RM

\D]

RM

A\
RM

Yn

R™

Yo

L]

YD

RM

Y0

RM

Y9

RM

RM

YD

RM

¥n

RAM

A

RM

YD

RM,

9,69765606630<01

1.54930939258400

9,82757%52508=01

1,60529915528=n)

9,.968R27T73048=01¢

=1,38648174708+400

1,01120740778+00

=2,63150986228400

1,0245R6124484+00

=-3,393285328184400

1.,03637182548400

«3,77633095758400

1,08652695898400

=3,96588239748+00

1,062905599238+00

-3,87452191378+400

1,075A58627784+00

=3,715231805R8400

1.08654334958400

=3,391{R1548168400

1,103953432a8400

=3,11928659256+00

1,118298211984+n0

=2 ,R83537905038400

1,130RR77204884N0

-2,55371089348+00

1,15313821R08400

=2.3003R514R98400

1.173271266348400

-1,93973464758400

1.21077000078400

-1 ,AR32R3ATAS@+ND

1,2867TANOKARGNN



DT

DT

nt

nT

nY

nr

A

T

uT

27

a7

nrt

Y

ny

1,62R890625008400

1.12500000N08=02

1,69120625008400

£,2500000000802

1.753%0625008400

€, 2500000000802

1,RTRO0K25N004400

1,25000000008=01

2.,003906250084+00

1.25000000008=01

2,75390625002400

2,.5070000NNANA=01

2,803904250058.00

2,8000000000%=01

2,75300625002400

2,50000000009=01

3,25320K230N03400

2,7N03000000 %=1y

3,7539082R002400

& ,ANCANANNNDS =N

AL N03INEDENNE LN

2,5000000N0N =51

4,25330625002400

2,5000N0NNNANs=N

4,37R00425NNEL00

1,250900090N=eny

N,508NK25NN34 00

1.,2500000NNDe=D

1,.5R440D6K25003400

A,2500000000%=N7D

4,62490625004,00

£,257A0NNNNNR=ND

4, &AGIRAREN0L,4N00

*2.43540058798=01

=1.041404041A84+00

=2.911175882168=0}

*1,048160395998400

*3,81313385948=01

-1,08140395860400

“4,500053701A8=01

=1,041607207908400

-5,6713732547@«ny

=1,0414080R708ND

-8 ,N63857542508=0

=1.041ANS537RI+00

-1 ,N20R19202N84N00

=1,0414N5549384N00

=1,17814701718400

=1.04160557078+00

-1,264213849a8¢00

=1 ,NUIANSST4AR 40D

-9 ,A89033RN33B AN

=1,.041AN58AN079400

7, 453270232801

=1,0415Nn545538+00

-5,M40290Ray 3=y

=1,N414Nn8537238400

~3,9147357R70@=01

=1.N41AN537128400

-2 R3473RRISNA=N]

=1.0414N058414R4N0

~2,41198270%n8=n1

“1,N41ANKELAEEND

~1,939R31274398=01

=1,041405973NR+00

-1 ,A775223N858=n}

oJ

DY

DJ

nJ

DJ

0J

nJ

0J

0J

nj

nDJ

U]

nJ

n.

nJ

ni

=3,57510984010=01

6,54836185288~10

=5,40328498150=01
8,19618386518-08

=5,06537447128=01

1,23146a70960=09

=6,00824026100=01

1,20358850858=07

-6,52216011758=nt

8,92N032403508=09

~6,52220169748=0

1,449R40NT73RB=0H

-5,393647459738~01

3.15026964698=08

~3,83062736690=01

1.46972383R18=00

1,62051712R08=01

3.841710562038=09

5.78327160940<01

1,13RR32R8588=07

A hND97491308=01

5,827A4438028=09

Aa29811734478=0¢

R,29459168078=08

5.5649328A7558=01

1.07482172698=09

£,346012937278=01

7.03585101298=08

3.52823724758=01

7.9R9N0186038=09

2.455837744648=0¢

5.73417A38R59=07

1,7R560522018=01

49

XD
RE

X0
RE

XN

RE

XN

RE

xn

RE

X0

RE

XD
RE

Xn

RE

Xn

RE

XD
RE

xn

RE

xn

RE

Xn

RE

XD

RE

xn

RE

Xn

RE

xn

=7.86935773260=01

4,25870149400=01

-7,80128971208=01
5,21271582398=01

«8,26625200748=01

6£,04108985218«01

~9,092502a5158~01
7.43184990450=01

«9,56725621508=01

8,56396843448=01

-9,31549370168=0y

1,02777962938400

-7.61880143748~01¢

1.143B4187898+00

-4,81953693808=01¢

1.21545782258400

2.30033305319=01

1.26795901748400

8,18677435458=01

1.1179809953840n0

9,53252855008=01

9.8B790420798=01

9.357045448a8=01

7.994974R3388=01

A,69327521228=01

6,73965094808=01

7.7794153798R=01

5,16R15246978=04

7.46234681188=01

4,20A631AR518=01

7.R80R73572%58=01

3,05585459528=01

9,137a3121848<04

Yo
RM

Yo
RM

YD

RM

YD

RM

YD

RM

YD

RM

Yo

RM

¥n

RM

Yn

RM

YD

RM

b

M

Yn

Rw

\b]

R™

YD

R

A

RM

YD

RM

Yn

=

*1,88466508530400

1,282259090904+00

=1,181100934184+00

1,35246481940400

«9.,455A9R43708=0

1,84224318R938+00

=5.720120554488=01

1.558286743904+00

©2,688288R7720=0}

1,6862450K768400

2.,0853888R088=0

1,9001792307840n0

6.389R1135358-01

?2.079R4541508+00

9.09314765278-01

?2.19303776238+400

1.01063154440400

?2.738105R2708400

5.86739060338=01

2.N8044905408400

1,72199324398=n1

1.85580124R68400

«4,201195308R8=0

1,620221R7268400

-7.56615870318=01

1,8R7723423128400

-1.194340024R8 40D

1.38914344528400

=1{.80278001418+00

1.,77870909448+00

-1 ,9695K272498+00

1.707100480398400

=2,346N6T164NB400



P

ot

oY

DY

DY

0T

nT

nT

DT

or

T

or

nT

nr

DT

nrt

"

3,12500000008=02

4,6914062%000400

3,12%00000000-02

8,70703125008400

1.56250000008=02

4,714R4375008400

7.8125000000ne=03

a_71R875000000,00

3.90A5500000R=03

4,72245625003400

3,90428000009=03

4 ,72ARKAPSN0024,00

1,.00A2500NN0R=03

4 ,72A818A2508400

1,95312500008=03

4, 730AKATSNNILO0

1,95317250NN00=03

4,737a2157502,400

1.9531250%NN<¢=N7

4,7303750900% 400

1,353126000N2=33

4,7T3I%I2R1250% 400

1.952312501004=03

4,7802383750&,00

3,90625000002=03

& 784160A82308400

1,90+28000N0N a0

N TARNAARTIENZ 40D

2,90425000N0N45=n]

4,75195312504,00

3,30625007003=03

N, ISYTAGAIRNZ 400

7.41280000002=(3

=1,0816160297€400

~1,33989265878«01

“1.08161200648400

=1.N86118575540=01

*1.04181357638400

«9,01001524A50=0>

=1,08141358378400

-7,78493136948=07

=t1.0a1413580084N0

=5,216851847608=07

*1.081413507N8e00

-4,11934522198=07

=1,03161450408400

«2.82543304000=N2

=1.0416145R428400

“1.2094260A518=n>

=1.Na31A1455078+00

2.385215744Q8 Ny

=1.0416184ANK18400

1.36459934238=np

“1,041418501Nn38+nD

2,5A418250379@~07

=1.741418591RA8+N0

4,539N3570a5R=n>

=1.041A16718708400

5.10137484018=07

=1,N414¢873978n0

7.38793822118=n)

=1.M45818T8218e00

8,48594923130«0?2

“1.04141474228400

1.03111017298=n4

=1.N81A1472058400

nJ

0d

oJ

nJ

DJ

nJ

0J

nd

nJ

0J

n.J

b

DJ

DJ

nJ

nJ

DJ

H

5,66506059840=08

9,63707308398+02

5,97498090138=06

4,58851525920-02
1.56964233618=04

1.71193615128-02
7.83602868178-09

1,84383999798-03
3.75439412898=09

=1,35483299418«05

7.29633029558-08

“2.73285{57278«07

1,08701351570=06

~3,27132512018=02

5.80621417618=09

=3,45910210418=02

3.74711817138=08

=3,397491930R8=07

5.,53700374446=08

=3,07293914288=0?

1.50757881770=08

-2,57635755598207

B,00355337568=11

=1.,32919534358=02

1.,228763721968=07

1.842270424R88=04

7.898564384470=08

1.35954906048=02

?.41561792796~09

2,662107279428202

4,36557456850=11¢

5.12640852918=07

2.16A235369008=08

50

RE

D

RE

xn
RE

X0

xn

RE

X0
RE

xn

RE

XD

RE

X0

RE

xn

RE

XD

RE

X0

RE

xn

RE

RE

Xn

RE

X0

RE

2.36059884878=0

1.34141892828400

1.55361992540=0

2,019327746560400
1.,068382%4278=01

2,812338R6888400

7.962088252588=02

3,50985626978400

6,57866100298=0>

a,601400089138,00

5.18816334008=0

6,20852764878,00

3,98950566728=02

7.0039247n038400

3,60249697898=0>

7.399926293a€400

3,864869534180<02

7.17550965538400

3,61562843798<«0>

6,.51469531288,300

4,01229713538=02

5,74362779218,00

4,569R299R37a=n2

4,858R83990338,00

5,9034753R518=07

3.599700527R4+00

7.31420591818=02

3.0239321RBNB4ON

R,707585178349~0>

2,62021619338,00

1.00575348630~01

?2.09963982128400

1,26127583238=01

LU

YD

Y0

RM

Yo

R

Yo

RM

Y0

RM

Yn

RM

A4
RM

\b)]

R

Yn

RM

Yo

RM

Yn

R™M

Yo

R

Yo

RM

Yn

RM

m

L]

Yn

R#.

1.16933738618400

=2.98046690878400

1,12599234238400

=3,51680672108400

1,09744268408400

«3,84553979608400

1,07810751228+00

=3,95946677958400

1,06572234600400

=31,85774038R78400

1.05012735740400

=2.98471245058400

1,029a2770248400

*1,.9316386590684n00

1,01643R825148400

-8,56576401028=01

1,002568R82348400

1,04815806719400

9,R82211R3R58=ny

2.178N00853558400

9,7871n5a7978=ny

2, A6155973938400

9,A26%137367@=n1

3,39572816808400

Q,82574RN3758=01

3.4682T7B414R84N0

9,26858191 14801

3,39038205268400

9,14D031644848-01

3,275779401458400

9,034N04057228~0y

3.0353R837221508400

R.B628432TN1@=0



[

nt

nt

or

nY

DT

ik

nT

nT

nt

DT

R

nt

3,76757812508400

7,R17250000008~03

2,783503125084+00

1,5625000000@=0?2

4,79RR2812508400

1.56250000008=02

A4, ,R3INNTR12508400

3,1250000N008-02

4,AA132812509400

3.12500000006=02

4 RQ2:7B12508400

3.12500000008=02

4,95507812508400

£.2507000°0007=02

5,01757R1250++00

K,25000000N0%=2

S,14787A12505,00

1.280N0000NI =0

& ,2ATa781280N2400

1.2507000%00 =

S ,R9287RIDEN<4 00

1,2500000000==01

R,44257R1250=:0D

2.50000000004=01

2,89257R1350:400

2,5000N0NN0NK=0Y

&, 01783TRIDE0E4N0

1,.2500000000 ANy

A.16757813250@+00

12500000800 =0

A,1T3R2412507,00

3,12500N090NE-0D

A,1RG35312502400

1,181R4051008=01

*1,04169871768400

1,42919325778=01

=1,041610157084+00

1,43549915808=11

-1,04161414148+00

1.,987A4591418=0%

*1,08161264578400

2,30215722488=01

“1.04161262218,00

2,60032987719=01

“1.08141262118400

3,18%427895a8=01

=1.,04141250272400

3.7671595978a=01

~1.04141250108400

4,96T7TARE569@=N]

=1,.N41A1243108400

6,19393575340«01

=1.081612681R8400

7.4053851R918=01

“1,0816126027R400

I,603121T2518=0

~1.041812R4298490

1,1223957940a+00

«1,N8149295258400

1.17248022358400

=1,041017294R08400

1.19772723149+00

“1.04141287018400

1.19947531828,N00

-1,08141297038400

1.199077R&NNI4LNO

LN

DJ

nJ

nJ

oJ

nJ

n.t

n.J

nJ

nJ

nJ

h )

oJ

n.l

nJ

7,81231403978002

?2,881279721578=09

1,15440346258<01

5,605813430348+07

1.52184252178-0¢

1,557054929a8-08

2.,15800402238=01

1.895718A06R8=06

2.,698210259268=01

2.35RB65485R58=0R

3,16665836358=01

1.047737R9408=09

3,93943999008-01

1,1834527Ra7@=07

4,54086508518=01

1,73167791228=039

5,3832AR850158=01

1.308451373658=07

5.,712364R6718=07

0,92447418578-09

5.71639530158=0%

9,16777650308=10

4,81357831318=0y

2.00248005448=07

2.98712046A%a=01

1,095759214678=97

1,79424477108=01

1,65253072238=09

5,195484%43048=0>

2,14054473018=04

1,97494556a98=0D

?.,32830683AK8=10

2,86R514A594>8=013

51

xn

RE

xn

RE

X0

RE

XD

RE

xn

RE

xn

RE

xn

RE

XN

RE

xXn

RE

xn

RE

RF

X0

RE

xn

RE

RE

X

xn

RF

1,76295948408400
1,499204an588+01

1.4225922065%8400

1.93303702168=01

1.,233870421R8400

2,32428478648=01

1,04939871838400

3,01753236858«01

9,72717939388=0y

3,62676355338=0y

9,408R05409808=0y

4,175513R7498=0

9,29559252808«0)

8,18137783138~0

9,4333a82720Ra=0y

5,9779a522348=04

9,75222014128«01

7.37897035408-01

9.81028001338=014

R,51586557948=04

9.51090414878-01

9,451314548138=0¢

T, R443610N9R18=04

1.08506111973400

4,93308RN38=01

1,17248220538,00

3.060T7NASSH73=01

1.19R2885N903400

9.0R34918%A33=0>

1.21097079558+N0

3,3726750A5R83=0>

1.711954674298+00

6,9892R824508=017

Y0

4]

Y

R

Yo

/A

YD

R™

YD

RM™

Yn

RM

R™

YD

RM

Yn

R

AL

Ru

Yn

R™

¥

Rw™

Y0

RM

Yn

Rwu

¥n

RM

¥n

RM

Yn

2,42200077188:00

8,72618822030=01

?.,8R4035%30778+400

8,528n01585548=n1

?2.,73D01608423840D

8,38251742498=01

1.86515946838400

R,18061554658=01

1.60882857178400

A_0426T099R18=01

1,80087893758+00

7.93741810108=ny

1,08775871778400

7.76913380098=0)

AR,437305Ras1e=01

7.41340128908=n¢

4,571299a2210=n¢

7.,75728NADANG=N]

1.8207279029@=01

A,79T7O0NRDIB=N]

-1.204309RANEE=N]

A, ,22R581R9188-01

-5, 718130164678 =0%

4,82145371208=n1

=R, AILSA5244T RNy

3,25783424R1 8«0y

-G, RA4NT1TROIIRB=NY

2.575612172428=01

=1,.0437945R458+00

2,14101302248=n1

=1 ,06856T2S5R7R400

3,17676A2RNA=N]

-1,76%3140R008+00



or

DY

DT

124

DT

ot

nY

nT

AT

oY

oT

1.962%0000008=02

A,1918062%00€,00

1.9531250000R=03

$,191294531348+00

8, ARPRIISNNNA=04

6,19213867198400

?.481480625008-04

A,1921A91R095@400

3.05175781258=05

6,102176R1A9400

7.62939453130-04

6.,1921770573%9400

?.,3841RS7940%=07

A 1921T77176568400

1.,197200289852a07

£,19217723612400

R,9ANUKLLTTSE~NE

4,19217724859%,00

2,0RN23D23AR:=NR

£,192177294%400

3,7957002985i=09

~,19217727152400

1.8A240514023=0Q

FL.19217727243400

9,31322574A29=40

~1.0814¢297038400

1.19994409418400

~1,08141297018400

1,19908255558+00

*1.N081612070308+400

1,199982621780400

«1,04161297038400

1.,199988672228400

“1.04161297038+00

1.1999R462218400

“1.041A412970384+00

1,1999R262218400

~1,04161297038+400

1,19903262218400

“1,0814129703184N0

1,19998462218+00

~1,04141297038+00

1.19998262218400

«1.N04161297038400

1,1999R44627218400

=1.04161297038400

1,199984622184n00

-1,081413297038400

1.,19998462218400

*1,04141297038400

0J

nJ

DJ

oJ

DJ

ndJ

odJ

nJ

bDJ

0J

nJd

nJ

1.85519152288+11

A,09087145158=04
?2,91038304570=-11

2,94688800n58=04

1,855191527R0=11

4,0804632388a=05

1,85519152280«11

A 4815971605806

0,00000000008400

4,758383617708=07

1.85519152288=11

2.?7565R31990&8=07

N, N000H00000A400

1.00568217718=07

1,85519152288=11

3,80234270348<08

0,00000000008400

6,75003169548~09

0,0000000000@400

2.R81R6977R38=09

0,000080000008400

R,ATI3nR19728=11

0,000020000N08400

-A, 0904459508811

0,00000000008400

52

RE

xn

RE

xn

RE

Xn

RE

xn

RE

XD

RE

Xn

RE

xn

RE

xn

RE

X0

RE

X0

RE

xn

RF

xn

RE

1.,21210979388400

1.,3943847382P0=01
1,21211292690400

4,95642461A%8=01

1.,21211315468400

4,62706112278=0%

1,7121131851040n0

=9,900R8021778=06

1.,2121131A508+40N

=2.39437531318=05

1.2121131R498.00

=2,43875920108=05

1.,2121131R498400

=2,460720127998=05

1,2121131R498+00

«2,87117227448«05

1.2121131849840n0

~2,8764577716%=05

1.2121131R8498400

~2,477343453R8=05

1.,7121131R493400

-2,4776863n243=NS

1.21211318492400

=2,47T7RST772418=05

1.2121131R893400

R

Yo

RM

Yn

Rm

Yo

RM

YD

RM

Yo

RM

¥n

RM

Y0

R™

Yn

Rv

A\

Ru

Yn

Ru

Yn

R™M

Y0

R™

2.12125683728=01

=1,089329504R8400

?.,12112199838<0%

=1,049330450584+00

?2.17113325778=01

-1,08933081488400

2.17113188308=ny

-1,0893130A1458400

?.121131851%8=n1

-1,04933NA1A384N0

?.121131RaAR58=0

«1,049330R81R38400

?.121131R4858=n

-1,089330R1R384N00

?.17113184858=-01

-1,04933081R38+00

2.121131R8R58=n1

~1.02933081R3IA4NO

5.121131A8R58=ny

-{,Na9330812384+400

2,1211318088a=n

~1.,08933n081R 38400

2.121131%4R58=n

=1,04933081R384+00

?.12113184458=0



L *
s
-1.2 -1.0 -8 -.6 -4 -2 :‘.gl’“. 2 4 6 1.0 1.2
b <
< .
X

Figure 2. SC 4020 Plot of Final Orbit.
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